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Resale Price 


The Government is proposing to enact legislation 
to eradicate the imposition of minimum retail price- 
maintenance agreements from British commercial 
life. They are doing so as they believe that such an 
action may tend to lower retail prices. It would 
appear that, during the hearing before the Lloyd 
Jacob Committee, most witnesses preferred a fixed 
price for the goods they bought. However, Sir 
Hartley Shawcross insists that had they been asked, 
supposing a line of branded goods were offered at 
one shop for Is. and at another for 9d., they would 
have chosen the latter. He maintained this, 
forgetting that the value of a quarter of an hour in 
a queue would eliminate any gain! The mere taking 
of a short tram ride to a cut-price shop may well 
cancel out any potential saving. No wonder Sir 
Hartley expressed the notion that the measure would 
not “ produce any dramatic reduction in prices.” 

So far as foundry owners are concerned, there is 
only the section making hardware that may be 
affected. In any case, as one does not buy a wringer, 
a mincing machine, or even a cast-iron saucepan or 
kettle every week, the influence on the cost of 
living would be negligible. ‘The Report on the Light 


Iron Castings Industry indicated that everybody was 
quite happy about the various sales agreements, but 
there was the thought that the public might be pay- 
If, on the only occasion we 


ing too high a price. 


Maintenance 


bought a house, we paid too much for the builders’ 
castings incorporated, we certainly did not notice it, 
nor has anybody else within our circle of friends 
had reason to complain. 

The people who would be most affected, if this 
idea ever becomes law, are the retailers. There is a 
tacit assumption in the White Paper—“ A Statement 
on Resale Price Maintenance ’—that all retailers 
are thoroughly familiar with costing, and that when 
they cut prices they are fully cognisant of the whole 
of the implications. Foundry owners, whose true 
manufacturing expenses are obviously more difficult 
to obtain, well know that the smaller the concern, 
the greater the ignorance of costing. The enforce- 
ment of a fixed minimum sales price is often an in- 
surance for the retailers against their own lack of 
fundamental business knowledge. A strange aspect 
of the Government’s proposals is that the trade 
unions, their most loyal supporters, insist on a mini- 
mum price for the hire of their members. Again, 
the State monopolies just announce their charges, 
which must be paid for by, or passed on to, the 
general public; yet for the retailer a directly opposite 
policy is envisaged. It is our firm opinion that there 
is at the moment far too much theory, and far too 
little practice about the proposed legislation. We 
could detail much better measures for reducing the 
cost of living than the one proposed. 


E 
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International Foundry Congress 


The 1951 International Foundry Congress, organised 
by the Association Technique de Fonderie de Belgique 
under the auspices of the International Committee of 
Foundry Technical . Associations, will be held in 
Brussels from September 10 to 14. The Technical 
sessions are to take place in the Fabrimétal Building, 
21 rue des Drapiers. 

The programme envisages for the opening day 
(Monday) the registration of the participants at 9 a.m., 
followed by the opening ceremony at 10.30. After 
luncheon, the first technical session is to be held at 
2.30 p.m., then at 6 p.m. there is to be a cocktail 
party at the Brussels City Hall. 

On Tuesday, there are technical sessions for both 
morning and afternoon, whilst in the evening there is 
to be an informal dinner, followed by dancing. The 
following day, Wednesday, is devoted to works visits 
in the Liége area, where the Espérance Longdoz, 
Ferblatil, and Ougrée Marihaye concerns will be 
receiving members. Technical sessions are scheduled 
for both morning and afternoon of Thursday, whilst 
in the evening there is to be the official closing 
banquet, for which evening dress is specified. The last 
day, Friday, is to be devoted to works visits in the 
Charleroi area. Post-congress tours are being arranged 
for visiting the Belgian Ardennes. During the Con- 
gress, there will be meetings of the main International 
Committee (5 p.m. on September 13); and_ the 
“Foundry Defects”; “Testing Cast Iron”; and 
“ Dictionary ”; committees on Tuesday, September 11 
at 3 pm.; 11 a.m.; and 4 p.m. respectively. 


Ladies’ Programme 
On the Monday, the programme for the ladies is 
exactly the same as for the men, except that they have 
the afternoon free; on the Tuesday, at 11 a.m. they 
are to go sightseeing in Brussels, and at 3 p.m. there 
is a motor coach tour to Gasbeek and Beersel castles, 
and of course the informal dinner in the even- 
ing. Wednesday is to be spent in the delightful town 
of Bruges, with a call at Ghent, whilst on the Thurs- 
day, the morning is free and at 3.30 p.m. coaches 
leave to take them to Tervueren for tea, returning 
them in good time for the official banquet. On Friday 
at 10 a.m.. coaches take the ladies to Antwerp, where 
they will visit Rubens’ house and the docks; they will 
take luncheon on board a boat. Tea is to be served 
at the Antwenp Zoological Gardens. 
The organising committee will in every case do 
their best to meet individual requirements, both as to 
works visits and sightseeing. 


Congress Papers 

At the technical sessions, the following Papers 
are to be presented:—Dr. W. T. Pell-Walpole 
on “Gases in Bronze”; Mr. N. Croft on “ Quan- 
tity production of Spheroidal-graphite Cast Iron” 
(Brifish exchange paper); Mr. Guy Henon on 
“ Defining and Classifying Foundry Defects for Work- 
Shop Application”; Mr. J. S. Abcouwer on “ Dimen- 
sioning Risers and Feeding Heads”; Mr. F. van Bergen 
on “ Water-cooled Cupolas”; Mr. B. Schuil on “ Use 
of X-ray Testing in Foundry Practice”; Mr. B. J. 
Hilders on ‘Co-operation between Foundry and 
Machine Shop”; Mr. E. O. Lissell, Mr. S. Forslund and 
Mr. S. Ryden on “Study of the Design and Perform- 
ance of Mould- and Core-drying Stoves’; Mr. C. G. O. 
Burgess on “ Surface Treating Grey Iron to Meet Speci- 
fic Industrial Applications”; Mr. John B. Caine on 


(Continued at the foot of column 2) 
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Conference Paper Author 


Mr. D. C. G. Lees, M.A., A.L.M., Author of the Paper 
“Casting Characteristics of Some Aluminium Alloys” 
(printed on the opposite 
page), was born at Oldham 
in 1918, and educated at the 
Oldham Hulme Grammar 
School and Clare College, 
Cambridge (National 
Sciences Tripos Pt. I], 
Metallurgy, 1940). From 
1940 to 1946, he held the 
gator at the British Non- 
position of research investj- 
Ferrous Metals Research 
Association, being mainly 
engaged in work on the 
melting and casting of alu- 
minium alloys. From 1946 
to 1948, Mr. Lees was on the 
staff of Industrial News- 
papers, Limited, as editor of “‘ Metal Treatment.” He 
relinquished this appointment to take up the position 
of metallurgist to the Aluminium Development 
Association. 


Mr. D. C. G. LEEs. 





Glasgow Foundry Explosion 


Eight men were burned—four seriously—in Renfrew 
Foundries, Limited, at Hillington, Glasgow, on June 19, 
when a burst pipe shot a 45-ft. sheet of oil, which be- 
came ignited, through the pressure-die-casting section of 
the works. Four men were removed to hospital, where 
one died later; the others were allowed home after treat- 
ment. Men ran through the section with their clothing 
in flames. 

A joint in a pipe—part of a high-pressure die-casting 
machine—suddenly slipped open and oil shot out with 
great force. Two lines of pots.containing molten alumi- 
nium were standing in its path. The jet of oil ignited 
and sprayed the entire section with flames. Altogether 
about 30 of the foundry’s staff were sent home after the 
accident. Renfrew Foundries, Limited, employ about 
850 men and women in their Hillington factory, which is 
part-owned by Rolls-Royce, Limited. 





Domestic Cooking and Heating Appliances 


A conference took place in Paris on May 28, 1951, 
of representatives from Western European countries 
coming under the auspices of the Organisation for Euro- 
pean Co-operation (O.E.E.C.) to explore the possibility 
of mutual co-operation and exchange of information 
on domestic cooking and heating appliances using solid 
fuel and gas. General agreement was expressed on the 
desirability of such co-operation, and a committee was 
appointed. The conference was arranged by the French 
association of makers of domestic cooking and heating 
appliances, and Great Britain was represented at the 
conference by nominees from the British Ironfounders’ 
Association, the British Coal Utilisation Research 
Association and the Coal Utilisation Joint Council. 








“ Risering of Castings”; Mr. J. E. Rehder (Canada) on 
“Annealing and Heat-treatment of Nodular Cast 
Iron”; Mr. J. H. Lansing on “Important Attributes of 
Malleable Iron”; and Mr. Mathy on “Use of the 
Metallographic Microscope in the Heavy Non-ferrous 
Alloy Foundry.” 
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Characteristics of Some 


Aluminium Alloys’ 
By D. C. G. Lees, M.A., A.I.M.7 


Designers have a wide choice from the many alloys to British Standard or Ministry of Supply D.T.D. 


specifications when selecting light aluminium alloys for particular castings. 


The specification usually 


eives adequate guidance on strength, ductility and a number of other properties of sound castings, but 
little or no information on casting characteristics or behaviour in the foundry. The work described in 
the present Paper was undertaken to provide information, useful both to the designer and the manu- 


facturer, on this class of properties, for a number of casting alloys in general use in this country. The 


great bulk of the work was carried out in sand moulds, as it is considered that the casting characteristics 
of an alloy are likely to be of the greatest significance in the large castings produced in the sand foundry 
rather than in the generally smaller pieces cast by gravity or pressure-diecasting. 


In the present Paper, the alloys used are referred 
to in terms either of B.s. 1490 “ Aluminium and 
Aluminium Alloy Ingots and Castings” or the 
British Standard Series of “ L ” specifications. Where 
necessary, for the sake of clarity, reference is made 
to related Ministry of Supply D.T.D. specifications. 

The principal casting characteristics of a foundry 
alloy are:—Founder’s fluidity; susceptibility to 
hot-tearing; susceptibility to internal shrinkage de- 
fects and susceptibility to external shrinkage defects. 


FOUNDER’S FLUIDITY 


The ability of a liquid casting alloy to fill the 
mould completely is clearly of the first importance, 
but whether it is a measurable “ property” is a 
question that has given rise to much experimental 
work, discussion and controversy. K. L. Clark’ 
appends to his comprehensive review of methods of 
fluidity testing a bibliography of 105 published 
papers dealing with various aspects of the subject. 
He stated that “fluidity testing ... is a method 
which can be used to evaluate the casting charac- 
teristics of alloys,” and that, because of the variety 
of test-piece and testing procedure employed by 
numerous investigators, “an objective of the Com- 
mittee on Fluidity Testing of the American Foundry- 
men’s Association is to determine if a single, 
standard fluidity test which is reasonably suitable for 
all foundry alloys can be adopted by the industry 
so that data from many sources can be compared 
directly.” Although Clark proceeds to specify design 
and operating details for a standard fluidity test, 
his review confirms the preponderating influence of 
the temperature of the alloy, when poured into the 
test-mould, on the results of all such tests. It may 
even be inferred from suggestions he makes, that 
routine fluidity testing in the foundry is mainly an 
indirect means of checking that the temperature of 
pouring is correct. Fluidity tests, in their applica- 


‘Communication from the British Non-Ferrous Metals Re- 


seatch Association. presented at the Newcastle Conference of 
fhe Institute of British Foundrymen. The text comprises 
N.F.M.R.A. Report R.R.A. 907P The work described in 


this Paper was made available to B.N.F.M.R.A, members in 
reports R.R.A, 564 and 629, issued 1941-43. 

Formerly investigator at the B.N.F.M.R.A., now metal- 
lurgist, the Aluminium Development Association, London. 


tion to steel, have been thoroughly considered by 
the Steel Castings Research Committee, Iron and 
Steel Institute*. 

In addition to the temperature of the liquid alloy 
as it enters the mould, a number of other factors 
such as specific heat, film formation on the advanc- 
ing liquid surface and rate of loss of heat to the 
mould also influence founder’s fluidity; the effect of 
true viscosity of the liquid alloy is probably almost 
completely masked by that of temperature and these 
other factors. FFounder’s fluidity must be sharply 
distinguished from fluidity regarded as the inverse 
of the true physical property, viscosity. 

It is natural to assume that whether a given mould 
is completely filled depends primarily on whether 
the flow of the alloy is retarded or stopped by the 
onset of solidification, and that this must depend 
mainly on the superheat of the liquid, i.e., the heat 
content available above the liquidus temperature. 
The hotter the alloy, the more heat is available to 
keep it liquid until it fills the mould, in this race 
between flow and solidification. 


Experimental Work 

Because of the attention given to fluidity tests 
and the importance attached to them in some 
quarters, a series of experiments was made with the 
main purpose of determining their value and signifi- 
cance. In the various tests described by previous 
investigators the liquid alloy flows under its own 
pressure along a channel of standard cross-section 
until flow is stopped by freezing. The distance thus 
travelled is taken as a measure of the fluidity of the 
alloy at the temperature of testing. The same general 
principle was employed in the method described 
below, but its details were devised to avoid certain 
sources of error. Much of the published work 
appears to have been vitiated by lack of control of 
factors which influence the results, such as turbu- 
lence of the molten alloy, pouring procedure, and 
the actual temperature of the melt as it enters the 
mould. In the tests now reported, turbulence is 
thought to have been eliminated and the design and 
procedure were such that the liquid alloy had neg- 
ligible momentum in the direction of the length of 
the fluidity channel. The pouring procedure was 








688 
Casting Characteristics of Aluminium Alloys 


strictly standardised and the temperature of the 
flowing liquid was accurately measured in the 
mould. If, as has been common, the temperature 
is measured before pouring, the amount by which 
it falls during transfer to the mould is uncertain, and 
is increased irregularly by flowing over the cooler 
wall and lip of the crucible, causing the “ cold lip ” 
effect. 

A straight channel as in the Ruff test’ * was used, 
but circular in section and 7% in. diameter. The 
small diameter gives a fairly high surface area per 
unit volume, resembling the conditions in a casting 
having thin sections and, therefore, sensitive to varia- 
tions in founder’s fluidity. The test casting, shown 
diagrammatically in Fig. 1, consists of a pouring 
gate A of one inch diameter, a horizontal channel B 
(shown dotted) of 4 in. width and 4 in. depth, a 
sump C, 34 in. square and 34 in. deep, an uprun piece 
D, 5 in. high and 3 in. wide, and the five fluidity 
“runs” E, 7% in. in diameter and open at the ends. 
The mould for this casting was rammed up in Mans- 
field sand, milled with 2 per cent. bentonite using a 
moisture content of 3.5 to 4 per cent. Initially the 
moulds were oven dried, but it was found that con- 
sistent and not markedly different results were 
obtained using green sand. The bare hot junction 
of the chromel-alumel thermocouple used was at 
position X in the casting and the couple was just 
above the entrance to the fluidity channels. 


Tests were made on commercial purity aluminium, 
LM-6 alloy, 4L 11 allo¥ and three alloys containing 
2 per cent. copper with different silicon contents, 
at three (in some cases four) different temperatures. 
The melt was degassed and allowed to cool to about 














Fic, 1.—Gezeral view of the Fluidity Test Casting. 
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Fic. 2.—Relation between Length of Fluidity Run and 
Temperature. 


60 deg. C. above the highest test temperature to be 
used. Pouring was then begun and the pouring gate 
A kept filled, maintaining a constant hydrostatic 
head and rate of flow. When the metal in the uprun 
piece rises smoothly to the level of the channels it 
flows along them. Almost simultaneously, the metal 
reaches the thermocouple and registers its tempera- 
ture. The crucible was allowed to cool to a tempera- 
ture about 60 deg. C. above the second test tem- 
perature and the procedure repeated, and similarly 
for the third temperature. The five rods were 
measured for each test and the average lengths 
plotted against the registered temperatures. The 
lengths of the five rods were never equal and for 
all the tests the average deviation from the mean 
was 8.2 per cent.; this is considered to be reason- 
ably good consistency for a highly empirical test 
method such as the “ fluidity test ” described, and 
suggests that the results are likely to be reproducible. 

The fall of temperature from crucible to mould 
varied considerably, between 40 and 100 deg. C., but 
the actual temperature of the metal when the fluidity 
channels were filled was registered in each test. 

The length of fluidity run is plotted against tem 
perature of liguid metal in Fig. 2 and against super: 
heat (deg. C. above liquidus) in Fig. 3. Fig. 4 gives 
the results for three alloys, each containing 2 per 
cent. copper, 0.4 per cent. manganese, 0.25 per cent. 
iron, but with silicon 0.25, 2 and 5 per cent. respec- 
tively. The plots of fluidity runs against superheat 
for these three alloys are included in Fig. 3. 

The chief conclusion to be drawn from the results 
obtained is that, as might be expected, temperature 
expressed as degrees of superheat is the main factor 
controlling founder’s fluidity, and that the difference 
in this “ property ” between the alloys tested is much 
less significant than the differences in other casting 
characteristics such as susceptibility to hot-tearing 
and to the formation of shrinkage cavities. The 
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Fic. 3. 


value of “ fluidity tests ” does not appear to be estab- 
lished, but the results of the experimental work des- 
cribed emphasise the importance of control of cast- 
ing* temperature, particularly in the running of 
thin-sectioned castings. 
SUSCEPTIBILITY TO HOT-TEARING AND ° 
TO SHRINKAGE DEFECTS 


The experimental work on hot-tearing now re- 
ported preceded that described in the Author’s 
previous Paper “ The Hot-tearing Tendencies of 
Aluminium Casting Alloys” (J. Inst. Metals, 
(1946) 72, 343-364) in which the literature of the 
subject was also reviewed. Susceptibility to hot- 
tearing was shown to depend mainly on (a) the con- 
stitution of the alloy and particularly the proportion 
of eutectic and also on (b) the grain size and (c) the 
gas content. The mechanism of hot-tearing was 
discussed. 

Experimental Procedure 

Test sand-castings were devised to reveal and 
accentuate the susceptibility of aluminium alloys to 
hot-tearing, to internal shrinkage defects (porosity, 
affecting mechanical properties and pressure tight- 
ness) and to external shrinkage defects (surface 
shrinks and draws). The same test castings and 
foundry technique were used for all the alloys tested, 
to give comparative results. 

Alloys Tested 


Most, though not all, of the alloys were the same 
as in the Author’s previous Paper* but, for con- 
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venient reterence, Table I gives the specifications 
and compositions of the alloys now tested. 3L 5, 
4L 11, 3L 8, LM-15 (high silicon) and LM-14 were 
prepared in the B.N.F.M.R.A. laboratories from virgin 
metals and the remainder were kindly supplied (with 
chemical analyses) by manufacturers. 


Description of Tests 


A. Hot-tearing. Susceptibility to hot-tearing was 
determined by restraining the contraction of four 
horizontally cast bars 12 in. long and } in. square 
in section (Fig. 5) by cast-in galvanised bolts carry- 
ing nuts which bear on the sides of the steel mould- 
ing box. The linear shrinkage of most aluminium 
casting alloys is of the order of 1.5 per cent. Four 
bars were cast from vertical runners connected to 
a horizontal gully and the degree of restraint of the 
several bars was varied by unscrewing the nuts on 
the bolts to different extents so that one bar freezes 
under full restraint, the second is free to contract one 
tenth of the natural shrinkage, the third one fifth, 
and the fourth three tenths. Two minutes after 
pouring (by which time the temperature of the bars 
had fallen to 200-300 deg. C.) the nuts were un- 
screwed so as to free them completely from the 
sides of the box. This was done to lessen the 
danger of a tear occurring due to the solid contrac- 
tion of the bars below this temperature. 

B. Internal porosity. Three castings were used 
to determine the effect of shrinkage porosity on 
mechanical properties. (i) Uprun bars (equal 
bulges) and (ii) Uprun bar (unequal bulges). These 
two castings, illustrated in Fig. 6(a) and (b), are 
bottom fed and bottom run; the bulges create heat 
centres which produce a concentration of shrinkage 
porosity. Preliminary tests showed that in the bars 
with equal bulges, the bulged sections nearest the 
horizontal runner were often much less sound, and 
correspondingly weaker, than the bulged sections 
farthest from the runner. This difference was largely 
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Fic. 4.—Relation between Temperature and Length of 
Fluidity Run for an Aluminium Alloy Containing 
Cu. 2.0, Mn. 0.4, Fe 0.25 per cent. and Si as 
Indicated. 
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eliminated by reducing the size of the bulges nearest 
the horizontal runner to produce the test casting with 
unequal bulges. Each casting was cut up to give 
four sections (A, B, C and D) as shown in Fig. 6 
and density measurements were made on each sec- 
tion before and after machining to a B.s. tensile test- 
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copper chill. This block freezes almost unidirection- 
ally and a slice taken from the lower part was used 
as a standard by which the soundness of the other 
castings was assessed. The D.T.D. standard test-bar 
is illustrated in Fig. 7 and densities were measured 
before and after machining to the BS. tensile 
test-bar. 


C. External shrinkage defects. The discs shown 


” 






























































2 
POURING 7 — —~, 
— BASIN , 
nia 
——————————————————— \ ——4 
Sa SEEN ARREERAE i= 
— a } \% 
—— —9—— — 
+ GALVANIS ‘8 GuLLEY 4: 
OB A.60 4 
FIG.S e 
ne K—————— 7 %pia — 
SATION \ : 
' MACHINED TO 7"o1A! 
—S . —- ( 7"o1n) 
¢ FIG. 9(a). 
me 7 \ 
r A 5 ‘ z ' 
aay & 7 we 
| } | H H 
a. aap ey [_]—curtey TT 
2 mn & LP CISIRI4 
a 1 CONSTRICTION 
Poa wee ON Pl | OFDIA XoryY" 
SECTION = aonb \. A BORG epee 
| Le ” 
| | h Yo RADIUS 
"  =— ——! 
eS FIG? pg 
FIG. 6¢) ° Fr = eee, 
FIG.8 
FIG. 9(b). 
Fic. 5.—Hot-tear Test Casting; Fic. 6(a)—Uprun Test-bars Fic, 9(a).—Seven-inch Disc Casting, 


(Equal Bulges); Fic. 6(b)—Uprun Test-bars (Unequal Bulges); 
and Fic. 8.—Pressure- 


Fic. 7.—D.T.D. Standard Test-bar, 
tightness Test-piece. 


bar, the gauge length of which coincided with the 
position of the bulge. 

(iii) Seven-inch disc castings. The disc, illustrated 
in Fig. 9(a), was cast horizontally. The rib placed 
along a diameter produces a concentration of 
porosity. Two discs were cast in each alloy and 
one disc of each pair was examined radiographically 
for shrinkage defects. Six rectangular tensile test- 
bars (Ai, Bi, C., A:, B2, C: in Fig. 9(b)) were cut 
from each disc and their densities determined. 

The distributions and form of porosity were deter- 
mined by examining micro-sections and the macro 
grain size was noted qualitatively after suitable 
etching. 

The effect of unfed shrinkage on pressure tightness 
was determined by tests on the smaller disc castings 
shown in Fig. 8. The boss at the centre of the disc 
causes external and internal shrinkage defects to 
occur near the boss. Pressure tests using air at 
200 Ib. per sq. in. were made on the disc (a) as cast 
and (5) after machining off the cast skin. To pro- 
vide standards of density and tensile strength, 
blocks and D.T.D. standard test-bars were used. A 
block of two-inch diameter and 34 in. height 
was cast in a sand collar placed on a preheated 


Fig. 9(b).—Arrangement of Test- 
bars Cut from the Seven-inch Disc. 


in Fig. 8 were examined visually for shrinks and 
cracks at the base of the boss. 


Melting and Casting Procedure, and Heat-treatment 


The test castings were made in a green synthetic 
sand bonded with 5 per cent. Fulbond No. 1 and 
containing 2 to 3 per cent. moisture, except that an 
inhibited sand containing from 4 to 2 per cent. 
boric acid was used for the castings in LM-10. 
30-lb. melts were made ‘in a gas-fired injector 
furnace and as a rule the temperature of the melt 
never exceeded 750 deg. C., or 740 deg. C. for 
LM-19. LM-6 and .LM-9 were modified by 
covering with 2NaF/1NaCl flux for 5 minutes. 
LM-10 was degassed by passing a vigorous stream 
of chlorine for 5 minutes, and LM-5 by plung- 
ing aluminium chloride (4 per cent. A1C1, into 
the melt. LM-i1 had no fluxing or degassing treat- 
ment. The melts of all the other alloys were de- 
gassed by the “stirring plus flux * method (2NaC1/ 
1NaF flux). LM-11 was poured at 690 deg. C. and 
all other alloys at 740 deg. C. All melts were tested 
for freedom from dissolved gases by allowing 2 
small sample to freeze under reduced pressure‘. It 
may be assumed, therefore, that before pouring all 
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TABLE I.—Alloys Tested. : 
(In the first column, material references to B.S. 1490 are indicated thus : LM-4; other alloys designated by reference to B.S.“ L”’ standards.) 
| | | 
Alloy. Cu, Fe, Si, | Mg, Ni, Mn, Ti, Others. 
per cent, per cent. per cent, per cent. per cent. percent. | percent, 
LM-6 _ 0.22 11.9 — _ _ — | Na as modifier 
LM-9 .. ; 0.02 0.43 a3. 0.44 — 0.45 — | Na as modifier 
LM-4 .. is 2.94 0.66 5.30 0.04 0.05 0.31 0.04 | 
7. = 1.67 1.13 2.35 0.11 0.97 — 0.17 
(D.T.D. 133C) | 
LM-15 , 1.55 1.29 0.60 0.77 1.45 0.15 
(low Si) | 
LM-11 - 4.32 0.14 0.10 — _ 0.03 0.148 
LM-19 : ; 3.1 0.30 0.15 1.14 a 0.22 0.009 Cd 1.46 
LM-15 ; 2.40 1.24 1.94 | 0.76 1.53 0.10 — | Cb 0.10 
(high Si: | | | Pb, Sn traces 
D.T.D. 250) | Zn 0.06 
LM-7 , 1.25 1.07 2.29 0.08 1.33 0.65 — Cb 0.08 
(D.T.D. 287) H \ Zn 0.05 
Sn 0.02 
LM-5 .. —- 0.31 0.16 5.56 = 0.41 0.005 
LM-10 trace 0.07 0.06 } 0.9 — 0.03 trace 
4L 11 , 6,99 0.28 0.12 a —- - nil 
3L 8 13.7 0.63 0.16 0.15 | 
oe : 2.72 0.43 0.27 — — _- 0.13 | Zn 13.8 
LM-14 3.72 0.41 0.30 | 1.71 2.09 | . 0.14 
LM-15 2.12 1.08 1.90 } 1.74 1.09 - 0.08 | 


(high Si; 
D.T.D. 131A) 


melts were free from dissolved gases likely to cause 
porosity, but as indicated later the work gave evi- 
dence that certain molten alloys pick up appreciable 
quantities of gases by reaction with the mould 
surfaces. 

Heat-treatment of castings was carried out as 
indicated in Table ITI. 


TABLE I1.—Heat-treatment of Castings. 





Alloy. Treatment, 


LM-9-WP 





4 hrs. at 528 deg. C.; quenched in water. 
17 hrs. at 162 deg. C.; cooled in air. 


LM-7-P 16 to 18 hrs. at 160 deg. C.; cooled in air. 
LM-15-WP 3 hrs. at 533 deg. C.; quenched in water. 
(low Si) 20 hrs. at 161 deg. C.; quenched in water. 
LM-15-WP 4 hrs. at 530 deg. C.; quenched in water. 
(D.T.D. 131A) 19 hrs. at 160 deg. C.; cooled in air. 
LM-15-W 4 hrs. at 535 deg. C.; quenched in water. 
LM-11-WP 15 hrs. at 542 deg. C.; quenched in water. 
(D.T.D. 304) 18 hrs. at 160 deg. C.; cooled in air. ° 
LM-19-W 6 hrs. at 495 deg. C.; quenched in water. 
LM-10-W | 17 hrs. at 430 deg. C.; quenched in oil, bars 
removed after 10 minutes and allowed to cool 
| in air. Maximum temperature reached by oil 
was 94 deg. C. 
LM-14-WP | 6 hrs. at 506 deg. C.; quenched in water at 


95 deg. C.; bars aged 8 days before testing. 





Discussion of Results 


The results are given in Tables III (mechanical 
properties of D.T.D. bars), IV (percentage voids 
determined by density measurements of inadequately 
fed bars), V (mechanical properties of inadequately 
fed bars) and VI (hot-tear and pressure tightness 
tests and indications of external shrinkage defects). 
Table VII gives the strengths of the inadequately- 
led bars as percentages of the strengths of D.T.D. 
bars cast from the same melt, the actual figures 
being those given in ‘Table V. 


Hot-tearing 


Most of the high-strength heat-treatable alu- 
minium casting alloys investigated were found, under 
the conditions of test used, to be free from tendency 
to hot-tearing with the notable exceptions of the 
low-silicon variety of LM-15, LM-19 and LM-11. 
The following examples illustrate the effect of large 
grain size in increasing tendency to hot-tearing. 





The beneficial effect of the presence of eutectic 
was demonstrated and discussed in the Author’s 
previous Paper,* and the method of calculating the 
“eutectic index” was described. The correspon- 
dence between eutectic index and _ hot-tearing 
resistance as determined by the present tests is 
almost exact (see Fig. 10). 

When an alloy is cooling through the freezing 
range cracks may develop between the primaries, 
but if sufficient eutectic is present it may flow into 
these cracks and “heal” them. Consequently no 
hot-tear would be detectable when the casting is 
completely frozen. Fig. 11 shows that this “ heal- 
ing” has taken place in an uprun bulged bar in 





Hot-tearing resistance 
(symbols used as in 
Table V1). 


3L 5 Coarse grained ae c 
Fine o il B 

LM-19 Coarse grained oan dD 
| Fine as a: B 

4L 11 | Coarse grained Sa B 
Fine oo on A 











PER CENT DT.D STRENGTH INDICATED BY DOTS ® 
HOT-TEARING RESISTANCE INDICATED By * 








© o-2 O-4 o-6 0-8 bo 


Fic. 10.—Relations between Eutectic Index and Per 
Cent. D.T.D. Strength (Top: Sections, Unequal Bulges) 
and Resistance to Hot-tearing. 











Fic. 11.—Shrinkage Porosity in LM-9. Cavities of 


Rounded Outline, Isolated from 
(x 6.) . 


Each Other. 


LM-9, the primaries having separated in the pre- 
eutectic solidification and the incipient crack being 
filled up by the flow of eutectic liquid into it. Vero° 
came to the conclusion that the eutectic content re- 
quired to “ heal” incipient cracks in this manner is 
about 12 per cent. 


Internal Shrinkage Porosity: Its Distribution and 
Effect on Mechanical Properties 


A. Lateral distribution of porosity. Comparison 
of the density measurements made before and after 
machining to the B.s. standard tensile test-bar 
shows that in some alloys (LM-4, 6, 7 and 11) there 
is a concentration of porosity towards the centre of 
the bar, whereas in others (LM-5, 10, 15 and 19) 
there is apparently a relatively sound core sur- 
rounded by a more porous exterior. The freezing of 
a gas-free melt would be expected to give a porosity 
distribution of the first kind, the core of the bar 
being less sound than the exterior since the freezing 
shrinkage of the outer part is compensated by the 
flow of residual liquid from the interior. The poro- 
sity of the outer region in the second group of alloys 
is probably due to the rejection during freezing of 
dissolved gases picked up by the liquid alloy from 
the surface of the mould. The alloys showing this 
behaviour all contain an appreciable magnesium 
content (the lowest in this group being 0.76 per 
cent. in LM-15) whereas the alloys of the first group 
contain at most 0.11 per cent Mg. In LM-9 con- 
taining 0.44 per cent. Mg the strong tendency shown 
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by the otherwise similar alloy LM-6 to give a cop. 
centration of porosity towards the centre is substap. 
tially reduced. 

To obtain more direct evidence of gas pick-up in 
alloys containing larger amounts of magnesium 
3-in. diameter block casting with a feeder head about 
5 in. diameter and 2 in. deep was poured in various 
alloys. The same synthetic sand was used as in the 
rest of the work and at intervals after pouring a small 
sample of still-liquid alloy was removed and tested 
for dissolved gases by freezing under reduced pres. 
sure. It was possible to remove samples up to 6 
minutes after pouring. In LM-15 (1.74 per cent. 
Mg) considerable quantities of gas were detected in 
the sample removed 5 minutes after pouring whereas 
in LM-7 (0.11 per cent. Mg) no such pick-up was 
found and the densities of the samples frozen in 
vacuo agreed to 0.001 gm. per cub. cm. with those 
taken from the degassed melt before pouring. 

Further evidence of pick-up of gas by liquid alloys 
containing magnesium was obtained by fracturing 
the 1-in. square runner of a set of uprun bars cast 
in LM-10 (10 per cent. Mg). The fracture showed 
marked discoloration due to porosity in a region 
occupying about 60 per cent. of the whole cross- 
section, the centre and a narrow border being sound. 

Similar gas pick-up has been found’ in certain 
copper alloys. Thus Baker, Child and Glaisher' 
showed that copper/tin alloys containing 0.3 pei 
cent. phosphorus or more, and copper alloys con 





Fic. 12.—Porosity in LM-10. Porosity of Fine Form 
due to Shrinkage near the Centre of the Bar and 
Coarser Porosity due to Metal-mould Gas Re- 
action nearer the Edges. (x 6.) 
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taining lead and silicon together, absorb gases by 


reaction with the water vapour at the metal mould @ 


interface. 

~~ The effect of internal shrinkage porosity on 
mechanical properties. In the following discussion, 
attention is given to the reduction in mechanical 
properties due to uncompensated shrinkage porosity 
in the light of the tests made on castings in which 
feeding was intentionally restricted. In reading this 
section of the Paper, it should be borne in mind that 
some of the very large and complex aluminium alloy 
sand castings have been made by highly developed 
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foundry techniques, giving adequate feeding toalmost ¢# 


all sections. Thus, little reduction in mechanical 
properties occurred, and under these conditions, the 
inherent mechanical properties of the material be- 
came, once again, of paramount importance. The 
present discussion may be considered both as indi- 
cating the degree of feeding required for the attain- 
ment of such good conditions and, also, as indicating 
the extent to which the mechanical properties suffer 
when feeding cannot be complete. 

(a) In LM-6 and LM-9 (alloys of almost eutectic 
composition) the porosity is in the form of rounded 
isolated cavities (Fig. 11). This form of porosity is 
evidently comparatively innocuous although LM-9 


is more seriously affected than LM-6, probably be- | 
cause, as shown in Table IV, the bars contain far *~* 


more shrinkage pofosity. 
(b) In a number of alloys (e.g., LM-7, LM-14 and 





Fic. 13.—Shrinkage Porosity in LM-15 (High Sili- 
con; D.T.D. 250). Cavities fairly well Isolated 
but less Regular in Outline than in Alloys of 
Higher Eutectic Content. (x 6.) 








Fic. 14.—Concentrated Shrinkage 
LM-15 (High Silicon; D.T.D. 250) (Bottom Sec- 


Porosity in 


tion, Up-run Bars, Equal Bulges). (x 6.) 


LM-15) the porosity, although fairly well isolated, 
is less regular in outline than in the alloys of higher 
eutectic content (Fig. 13). The effect is to lower the 
strength in the top section of uprun bars to about 
75 to 85 per cent. D.T.D. strength. In LM-15 the 
bottom sections of uprun bars (equal bulges) gave 
strength properties as low as 20 per cent. D.T.D. 
Microscopical examination of one of these bars 
showed marked concentration of coarse porosity 
immediately behind the fracture (Fig. 14). After 
etching, aluminium-rich dendrites containing NiA1, 
in the familiar “ brush” form were seen surround- 
ing relatively large voids (Fig. 15). The course of 
freezing must have been as follows: the aluminium- 
rich primaries separate out and NiAI, is deposited. 
As the temperature falls more primaries form so that 
the NiAl, becomes enveloped, but before freezing 
is complete the still liquid portion flows away towards 
the cooler parts of the casting giving coarse and con- 
centrated porosity. The suggested course of freez- 
ing agrees with other work’ by the B.N.F.M.R.A. in 
which cooling curves were taken on a variety of 


+ aluminium casting alloys and quenching tests were 


used to determine the temperatures at which the 
various constituents separate. In LM-14, NiAI, 
was found to separate out relatively early in the 
freezing range. 

(c) In LM-15 (low silicon) porosity tends to follow 
the general form of aluminium-rich dendrites enclos- 
ing NiAl, “ brushes ” as in the high-silicon variety, 
but is concentrated to a stronger degree (Fig. 16). 

F 











Fic. 15.—Aluminium-rich Dendrites in LM-15 (High 
Silicon; D.T.D. 250) enclosing NiAl, “ Brushes”’ and 
Surrounded by Shrinkage Voids. (x 70.) 


(d) Several alloys, notably LM-5, LM-10, LM-11 
and 3L 5, tend to give patches of porosity, frequently 
on planes normal to the axis of the bars (Fig. 13), 
rather similar to that characteristic of magnesium- 
base alloys where it is sometimes referred to as 
“lake” porosity. It has a harmful effect on mech- 
anical properties, bars containing it possessing 60 to 
70 per cent. D.T.D. strength or less. LM-5 and LM-10 
show this form of porosity but the effect is compli- 
cated by the metal/mould reaction resulting in gas 
absorption as discussed above. Fig. 12 shows both 
forms of porosity; fine patches due to shrinkage 
towards the centre of the bar and coarser porosity 
of irregular form due to gas pick-up nearer the 
edges. 

(e) In LM-4 alloy much of the porosity is between 
the arms of dendrites forming the skeleton of the 
grains but some is at the boundaries of the macro 
grains. The former type is comparatively inno- 
cuous in its effect on mechanical properties especi- 
ally in fine-grained material. The percentage D.T.D. 
strengths quoted in this Paper are lower than have 
been obtained on batches of this alloy with higher 
titanium contents giving finer grain size. 

Generally speaking the tensile properties of the 
unsound castings can be satisfactorily explained by 
the form and distribution of the porosity as des- 
cribed above. However, as was noted above in the 
case of LM-4 alloys, the grain sizes of the cast 
alloys also affect their mechanical properties when 
the castings contain porosity and this factor was 
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probably responsible for the fact that with the LM-1| 
alloy the mechanical properties of the relatively wel] 
fed D.T.D. type test-bars were below the specifica. 
tion limits when they were cast at 740 deg. C., the 
results quoted in Tables V and VII are for castings 
poured at 690 deg. C. Recent work in the British 
Non-Ferrous Metals Research Association labora. 
tories’ has shown that the mechanical properties of 
castings in alloys of this type which, in common 
with the LM-5 and LM-10 alloys, are substantially 
free from hard grain-boundary constituents, are 
markedly dependent on grain size because this factor 
affects the shape and hence the effect of the inter- 
granular porosity. Such variation of mechanical 
properties with grain size is likely to be particularly 
important in those sections where solidification js 
slow and grain size coarsest. 

The mechanical properties quoted in Tables III 
and V were no doubt affected to varying degrees by 
this factor, particularly those for the above-men- 
tioned alloys. Nevertheless it is considered that the 
test results put the casting characteristics of the 
various alloys in an approximately correct order of 
merit. Furthermore the results show that the two 
most important casting characteristics of the alloys, 
i.e., susceptibility to (i) hot-tearing and (ii) loss of 
strength when imperfectly fed, are both largely 
dependent on constitution and grain size, alloys with 
a high degree of immunity from hot-tearing suffering 


' least damage to their mechanical properties when 


imperfectly fed. 





Fic. 16.—Concentrated Shrinkage Porosity in LM-\5 
(Low Silicon). (x 6.) 
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TABLE III.—Mechanical Properties of D.T.D. Bars. 





Specified values. 


Values obtained. 














| 
Alloy. - = —_—- ——_ ——_ - — — a _ 
. 0.1 per cent. P.S. | U.T.S. | Elongation, 0.1 percent. P.S. | U.T.S. Elongation, 
tons per sq. in. per cent. tons per sq. in. per cent. 

LM 3.5 | 10.5 | 5 | 3.9 ;* oe 12 
LM-9 13.0 15.5 — 13.1 18.1 | 2 
LM-4 5.0 | 9.0 2 | 5.5 10.8 | 2 
LM-7 7.5 | 10.0 2 | 9.9 13.3 2 
(D.T.D. 133C) | | | 
LM-15 .. 15.5 16.0 = | 20.1 | 20.5 | 1 
(low Si | } | 
LM-15 15.5 16.0 oa | 15.2 15.7 0.5 
(high Si; | } 
D.T.D. 131A) | : 
LM-11 .. ; 14.0 18.0 4 15.0 22.0 5.5 
LM-19 11.0 14.0 | 3 12.2 15.2 2 
LM-15 . 11.5 14.0 — 11.7 15.4 1.5 
(high Si 
D.T.D,. 250) 
LM-7 7.5 10.0 | 2 9.3 12.8 2 
(D.T.D. 287) 
LM-5 5.6 9.0 3 7.0 13.8 8 
LM-10 11.0 16.0 7 11 20.8 11 
4L 11 3.5 7.5 1.5 | ~ 9.3 3 
3L 8 4.5 7.0 -- 6.2 10.8 1 
3L 5 3.5 9.0 2 | 13.8 5 
LM-14 13.0 14.0 _ fy 4 1 





Pressure Tightness of Castings with Restricted 
Feeding 

The 5-in. disc with constrictions in the ingate is a 
severe test and only LM-4, LM-6 and LM-9 and 
3L 8 gave a complete series of leak-proof discs; these 
may be regarded as being specially suitable for appli- 
cations in which freedom from leakage under pres- 
sure is important and where the form of the casting 
makes feeding difficult. Alloys LM-14 and LM-15 
gave very few leaky discs, but most of the other 
alloys proved to be prone to leakage. Where the 
shrinkage porosity is in the form of isolated cavities 
the discs may be expected to be leak-proof, but if 


the porosity is in the form of finer cavities a con- 
tinuous channel may be formed in some discs whilst 
in others there may be no continuity. Assessment of 
the pressure tightness of such alloys would demand 
a much larger number of tests than were made in the 
trials now reported. 


External Shrinkage 


Many alloys showed considerable drawing, tear- 
ing, or sinking at the fillet. These defects occurred 
even in some alloys which are not prone to hot- 
tearing, but generally speaking the appearance of 
the discs appears to be worse in the alloys which 
tear. 


__TABLE IV.—Percentage Voids in the Test Castings. 





Uprun bars 
(equal bulges). 


Uprun bars 


Bars cut 




















(unequal bulges). from 7 in. D.T.D. 
Alloy. ~ —2—_____ | _____ —— ——— | disc castings. bars. 
. 2 B. | 7. | B. | 
Seer ver eee (neere nee Sameer eres Saueeere = = Lcnieteatetsiadailed — fas 
UM. | M. | UM. | M. | UM. | M. | UM. | M A. B ( | UM. M 
Mint tn nh Gan a | ' | | ; ga a ae sie cecil iad 
LM-6 0.2 0.7 0.7 3.0 0.1 0.7 0.8 | 0.7 | 0.3 0.3 0.3 0.1 0 
| | | 
LM-9 2.0 1.9 | 2.9 2.9 | 2.0 2.3 3.1 2.7 0.7 | 0.7 0.7 | 0.2 0.2 
LM-4 1.4 1.6 is |} is 1.8 1.8 1.8 | 1.9 | 0.5 0.5 os) Ga | & 
LM-7 3 2.0 2.1 2.1 2.7 2.6 2.3 | 2.4 | 0.8 0.7 0.7 0.2 | 0.8 
(D.T.D. 133C) | | 
5.1 

LM-15 2.0 1.9 2.9 | 8.0 | 2.1 2.1 | 2.6) 2.6 0.6 | 0.6 | 0.6 0.5 0.4 
(low Si) | | | 
LM-11 0.9 ie) 4a 1.6 1.1 4 | 1.0 1.4 | . 0.2 0.1 | 0.2 
1 1.5 1.2 2.2 1.6 1.6 2.1 1.9 1.7 | 0.6 es) 67 0.3 0.2 
uM-15 } 5.3 } 
(high Si; 1.5 11 | 4.1 3.0 2.1 14] 28 | 16] 0.6 0.5 0.5 01 | — 
D.T.D. 250) | | 
M-7 | 3.6 
(D.T.D. 287 1.6 1.5 2.9 | 12.7 1.6 18 | 1.7 | 2.7 | 0.7 0.6 0.6 0.3 _ 
LM-5 2.8 2.3 5.2 0.8 3.7 | 32.4 4.6 3.3 | 1.4 1.5 1.2 1.3 | 0.2 
LM-10 2.7 1.5 2.9 3.1 1.5 2.0 3.8 2.4 2.3 1.6 0.6 0.2 





UM = unmachined. 
In the following five « 





M = machined. 


ulloys only, uprun bars with unequal bulges were cast and densities determined after machining. 





Voids, per cent. 





Alloy. | - - 
Top. 
4L 11 1.1 
3L 38 1.4 
3L 5 nt wa 1.5 
LM-14-WP .. 0% es = 1.5 
LM-15 (high Si; D.T.D. 131A) .. 1.4 





Bottom. D.T.D. bars. 
1.3 0.1 
2.1 0.1 
2.0 0.1 
1.9 0.5 
1.4 0.6 





TABLE V.- 


-Mechanical Properties of Inadequately-fed Bars. 


C 


—|— 


given for bars cut from disc castings are 
B. 


Bars cut from 7in. disc casting. 
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GENERAL CONCLUSIONS 


Sixteen different alloys have been investigated and 
the results obtained make it possible to outline their 
casting properties and other factors influencing the 
ease with which the alloys are handled in the 
foundry. 

The eutectic silicon alloy LM-6 has better all- 
round casting characteristics than any of the other 
alloys tested. LM-9 is similar, but the strength of 
inadequately fed sections is more strongly affected 
by internal shrinkage porosity. The high-strength 
heat-treatable casting alloys, of the Al-Cu-Ni-Mg 
type based on the original Y-alloy, have in general 
better casting properties than the older low-strength 
alloys such as 3L 5 and 4L 11. The two varieties 
of LM-7 distinguished by D.T.D. specifications 133C 
and 287 are very similar in composition and in their 
casting characteristics. Although the D.T.D. bar 
strength of the low-silicon variety of LM-15 is better 
than that of the more normal kind, its casting charac- 
teristics are not so good. Calculations based on the 
“ eutectic index ” indicated that an addition of about 
0.5 per cent. silicon might substantially improve the 
casting properties. With an alloy otherwise of the 
same composition but having a silicon content of 
1.27 per cent., hot-tearing was eliminated and the 
percentage D.T.D. strength in uprun bars (equal 
bulges) was raised from 31 and 20 per cent. to 81 
and 59 per cent. in the top and bottom sections res- 
pectively. The silicon addition diminishes the D.T.D. 
bar strength from 20.5 tons per sq. in. to 18.5 tons per 
sq. in., but the increase in percentage strength of 
inadequately fed bars more than compensates for 
this in castings where feeding is restricted. 

The main conclusions may be summarised as fol- 
lows under the various properties that make up the 
casting characteristics of an alloy and influence its 
handling in the foundry :— 


Susceptibility to Hot-tearing—Alloys least 
resistant to hot-tearing: LM-11, LM-15 (low- 
silicon variety) and LM-19 and 3L 5. 

Effect of Internal Shrinkage Porosity on 
Mechanical Properties—Alloys most markedly 
weakened: LM-5, LM-10 and LM-15 (low- 
silicon), 3L 5, 3L 8 and 4L 11. When feeding is 
very poor, LM-15 is badly affected. 

Pressure Tightness when Feeding is Res- 
tricted —LM-4, LM-6, LM-9 and 3L 8 alloys are 
most suitable for use in making pressure-tight 
castings, while LM-14, LM-15 and LM-19 alloys 
need rather better feeding and the rest are much 
less suitable. 


Ease of Handling Alloys in the Foundry. — 
(i) Difficulties in degassing. LM-5 and LM-10 
cannot be treated with ordinary degassing fluxes 
containing sodium salts and treatment with 
chlorine or volatile chlorides releasing chlorine is 
necessary. 


(ii) Treatment of melts—LM-6 and LM-9 require 
“ modification ” to obtain the best mechanical and 
casting properties. Melts modified with flux should 
be covered with the modifying flux until the cast- 
ing is poured. LM-19 suffers serious deterioration 
of casting properties if the melt is overheated, 
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Ta ABLE VI —Results of Hot Tear and Pressure Tightness Tests. 
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By “* Checker” 


Occasions arise when existing pattern equipment can 
be used for new work with very little modification. 
Such conversion usually applies to work from which 
only a small number of castings is required, and where 
the making of a new pattern or corebox, or both, 
would entail considerable expense being added to the 
production price per casting. Another advantage is that 
any time taken in the patternshop on modifications, 
being considerably less than for producing a new job, 
allows castings to be obtained more quickly, which is 
a most important factor in many instances. 

With straight pipes whose overall length is unaltered, 
their diameters can be increased by the addition of 
strips of wood sufficient to give the new diameter 
required. These strips should be of narrow width, and 
can be easily fitted between flanges and nailed in 
position, as shown in Fig. 1. The series of small flats 
which are formed round the diameter by these strips, 
can be easily removed by sandpapering. Flange thick- 
nesses can, if necessary, be increased by having the 












SECTION A-A 
ik i) 


Fic. 1.—Sections of Pipe Pattern enlarged by the 
Addition of Strips of Wood. 








Fic. 2. — Segments 
added to Enlarge 
the Flange Diameter 
of Pipe Pattern. 


Fic. 3. — Strips of 
Wood Nailed into a 
Core-box to Reduce 
Inside Diameter. 








required amount added at their inside face, while flange 
diameters can be made larger by nailing on a series 
of narrow pieces across their thickness, or with the 
addition of segments round the diameter, as shown in 
Fig. 2. With some patterns that may occasionally be 
used for different size flanges, it is an advantage to 
make flanges of various sizes which are interchange- 
able. The radius between body of pipe and flange can 
be restored if leather fillet of the desired size is added. 

Coreboxes can also be altered in many cases where a 
core of smaller diameter is required. This is achieved 
by the addition of narrow strips of wood which are 
nailed into position as shown in Fig. 3. In some 
instances where the only alteration is a reduction of 
their inside bore diameter, no modification is necessary 
to the pattern. Coreprints at each end which are too 





large, however, can be remedied without any pattern 
alteration, by adding wood strips inside the corebox to 
correspond with the overall length over both flanges, 
leaving only the core seating and prints at their old 
diameters, with the remaining portion in between being 
at the new and smaller diameter. 


Dove-tail Construction for Loose Pieces 


Various ways can be adopted for holding loose pieces 
in their temporary positions on patterns and core boxes, 
but possibly the best results are obtained by using dove- 
tail construction, which gives quick and accurate posi- 
tioning of loose pieces, with the minimum of trouble. 
Dove-tails will vary in size and thickness according to 
the particular loose pieces with which they are to be in- 
corporated, and their use is mainly confined to work of 
a standard character from which many castings are 
required. 

Fig. 4 shows an ordinary dove-tail recess cut out, and 
with dove-tail piece fitted, prior to fixing on the boss 
which is indicated by dotted lines. Hidden dove-tails 
are also used at times; these show no part of the dove. 
tail when loose pieces are placed in position, the recess 





















Fic. 4. — Doveetail Fic. 5—Loose Piece 
held in Position by 
Hidden Dove-tailed 


Recesses. 


Fic. 6.—Cutters used Fic. 7.—One-piece In- 
for Machine Form- sert incorporating 
ing of Dove-tails. Boss, Fillet, and 

Dove-tailed Portion. 


Recess and Loose 
Piece for Producing 
a Boss. 








being cut away in the actual loose piece, as in Fig. 5, 
which shows the dove-tail section in broken line. 

When recesses for dove-tail pieces are cut by machine 
in either wooden or metal patterns and core boxes, it is 
usual for a radius to be formed at the bottom corners. 
This is unavoidable, and varies according to the diameter 
of cutter used, as shown in Fig. 6. Dove-tailed inserts 
should be made to fit this shape, and will be quite satis- 
factory without cutting the radius away to form square 
corners shown in Fig. 4. Another way is to extend 
the actual loose boss or facing shaped piece so that 
the loose portion, fillet, and dove-tailed portion, can all 
be worked from one piece, as shown in Fig. 7. In all 
cases dove-tailed inserts should be made an easy fit, to 
allow the pattern or core box to.be withdrawn, without 
disturbing the loose pieces. 
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Thermal Considerations in Foundrywork’ 


‘By Dr. Victor Paschkis 
(Continued from page 667) 


First Comparison between Analyser and Casting 
Work 


In 1944, the American Foundrymen’s Associa- 
tion set up a Heat-transfer Committee which super- 
vised the work reported hereafter from the foundry 
aspect. The Committee decided first to investigate 
prediction of solidification rates found from 
“ bleeding tests ” (“ pour-out tests”) made by K. L. 
Clark. On the Analyser an “ infinite” slab was 
investigated, having no end or corner effects. Clark 
used slabs of 2 in. by 6 in. by 2 in., 4 in. by 8 in. 
by 8 in., and 6 in. by 12 in. by 12 in. to obtain 
data on different thicknesses, assuming that the 
size of the slabs was sufficient to preclude end effects. 
Castings were made partly in sand, and in part 
against a chill which was backed by sand. The pro- 
perties of steel and sand which had to be used in the 
electric computation experiments were selected as 
carefully as possible. For details, reference is 
made to the original publication.’ Here it is suffi- 
cient to deal with a few points :— 


(a) All concerned expected to find correlation 
between the bleeding tests and the Analyser curve 
for the “solidus.” To understand this remark it 
should be remembered that the Analyser produces 
merely curves, relating position, time and tempera- 
ture, but has no way of indicating in what state 
the metal is at any given point or temperature. 
The latter information is determined by metal- 
lurgists. 


Thus one curve may be taken showing for each 
position the time necessary to reach the liquidus 
and another curve showing the time to reach the 
solidus. Contrary to expectation the curve 
obtained from the bleeding test correlating solidi- 
fication thickness with time after pouring checked 
well with the Analyser curve for the liquidus (see 
later paragraph under the caption “Solidus and 
Liquidus as Freezing Point ”). 


(b) Because of the high thermal resistance of 
the sand, the additional resistance of the air-gap 
has relatively very small influence on the rate of 
solidification; thus, even if such gap is assumed to 
evist, the time when it is formed does not appear 
to be significant. 


In the case of casting against a chill, however, the 
added thermal resistance of the gap is large com- 
pared with that of the chill. Hence, the estimated 
time when the air-gap forms is important. On the 
Analyser, this time can be selected arbitrarily; 
that is one can easily obtain results for different 
estimated times of “air-gap formation.” It was 





, Official Exchange Paper from the American Foundrymen’s 
Society, presented at the 48th Annual Meeting of the 
Institute of British Foundrymen at Newcastle-upon-Tyne 
earlier this month The Paper was read by Mr, = Be. 
Jackson on behalf of the Author. 





found that if the time was assumed to vary with 
the square of the thickness of the cast slab, satis- 
factory check with Clark’s work was obtained. 

(c) The thermal resistance of the air-gap between 
outside surface of the casting and the inside 
surface of the mould depends on the difference of 
the fourth powers of the temperatures of these two 
surfaces. It was found that this difference was 
quite constant and therefore the thermal resistance 
of the air-gap does not change much during solidi- 
fication. 


Influence of Properties and Pouring 
Temperature 


As the next step, computations on the Analyser 
were carried out in which all steel properties and 
the pouring temperature were varied arbitrarily 
over a wide range. For details, again reference is 
made to the original Paper.’ The following 
observations may be of interest :— 


(a) Times to reach both liquidus and solidus 
change markedly with pouring temperature (the 
latter being understood as the temperature at which 
the steel enters the mould, the filling time of the 
latter being assumed to be zero). 


(b) As far as reaching the liquidus is concerned, 
heat of fusion has but little influence. Times 
change, very roughly, proportionally to specific heat 
and conductivity, for the latter slightly less than 
for the former. The solidification range has great 
influence. 


(c) As far as reaching the solidus is concerned, 
solidification range is of only small influence; heat 
of fusion changes the time to reach the solidus very 
greatly. Conductivity has almost no influence, and 
specific heat has a very much smaller influence on 
the time to reach the solidus than on those to reach 
the liquidus. 

What do these findings mean for the practical 
foundryman? Inasmuch as properties for different 
steels do not vary very greatly, he can transfer 
his experience from one composition to the other 
with reasonable accuracy. He must, however, pay 
very strict attention to the pouring temperature and 
in practice also to the pouring time. The latter 
influence the temperature with which the steel ulti- 
mately reaches the mould; and this temperature is 
the one which decides solidification time. 

Freezing of Steel Spheres 

Proceeding with experiments with steel (chrono- 
logically other experiments were taken first), a series 
of tests on steel spheres was run.’ These tests 
served to compare Analyser work against a previous 
publication by Briggs and Gezelius.** Based on the 
recognition of the importance of the pouring tem- 
perature (see previous paragraph) experiments were 
run separately for different pouring temperatures. 
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Fic. 9.—Time to Reach the Liquidus for Different 
Shape Factors (Volume | Area). 


(a) The check with the values of Briggs is very 
good, except in case of a pouring temperature of 
2,740 deg. F. (1,505 deg. C.). With so small a 
degree of superheat the minor changes in pouring 
temperature will result in great changes of solidi- 
fication times. Hence, conceivably small errors in 
determining the “2740” by Briggs might account 
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for the discrepancies between his and the Analyser’s 
findings. 


(b) By using the experiments described under 
the first heading of this Section for comparison, 
one can compare the time for the centre to reach 
the liquidus and the solidus in the case of a slab 
and in the case of a sphere. The original Paper 
contains the comparison of values for reaching the 
liquidus; the comparison of those for the solidys 
have been computed in the meantime. Both for 
slab and for sphere the solidification times increase 
with pouring temperatures. But the increase, per. 
centage-wise, is less for the sphere than for the 
slab. The difference between slab and sphere js 
less marked for the solidus (9.6/6.5 =1.48), than for 
the liquidus (3.27/1.47=2.22) (see Table I). 


TABLE I.—Relutive Times for Spheres and Slabs to Reach the Liquidus 
and Solidus 


Time to Ratio 
reach the of 
liquidus times, 

(sec.). slab 

- sphere. 
Sphere. | Slab. 


Time to Ratio 
reach the 

solidus 

(sec, ). 


Pouring | 
temp., 
deg. F. 

| Slab. Sphere. 
2,740 316 215 1.47 2,930 450 
3,010 1,105 338 3.27 | 5,800 600 





Comparative Solidification Studies 
Having data on spheres and slabs, comparative 
studies including cylinders were made, particularly 
in view of the Paper by N. Chworinoft'* which is 
finding considerable interest in America. 
Chworinoff states the following :— 


(a) Any two castings having the same ratio of 
volume/area (V/A) should solidify in the same 
time. : 


(b) The time for complete solidification of two 
castings varies proportional to the square of the 
ratio (V/A). 

Accepting the liquidus as freezing point, as 
seemed obvious from the bleeding tests, it was 
found that Chworinoff’s relationship does not hold. 

Fig. 9 shows the summary of the experiments. 


Fic. 10.—Influence of Sand Con- 


ductivity (Dry-sand) on Solidi- 


fication Times. 
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Values of volume/area were plotted as abscissa, 
times to reach the liquidus were plotted as ordinates. 
Six curves are shown, three of which hold for a 
pouring temperature of 3,049 deg. F. (1,676 deg. 
C.) (curves 1, 3, 5), and the other three for a pour- 
ing temperature of 2,862 deg. F. (1,572 deg. C.) 
(curves 2, 4, 6). Two curves (1 and 2) hold for 
spheres, two for cylinders (curves 3 and 4), and the 
last two for slabs (curves 5 and 6). 

No further discussion of this set of tests will 
be made here because of the recognition obtained 
since completion of the tests that bleeding tests are 
not reliable in determining solidification. 


Influence of Sand Conductivity (Dry Sand) 


In all investigations up to that time the con- 
ductivity of the sand was considered to be constant, 
namely, k=0.9 B.Th.U. per ft.-hr., deg. F. Investi- 
gations, mainly by Lucks and co-workers,'* showed 
that conductivities of sand might be very much 
lower than this value and that conductivity changes 
substantially with temperature. Therefore one pro- 
gramme’ was carried out to investigate the 
influence of sand conductivity on _ solidification 
rates of steel. The analysis was made for a steel 
slab 4 in. thick, covered on either side by a 
layer of sand 5 in. thick. The slab was considered 
to be so long that no end effects occurred. The re- 
sults of the tests are summarised in Fig. 10. This 
illustration shows the times for the centre of the 
slab to reach the liquidus and the solidus (two 
curves) plotted against the average conductivity of 
the sand. Two points are of interest :— 


(a) The influence of conductivity on the solidi- 
fication time is greater for the solidus than for the 
liquidus: comparing the times for the centre to 
reach the solidus one finds a ratio of 6,050 sec. to 
3,400 sec.=1.78 for the values of sand conductivi- 
ties of k=0.9 and k=0.208 respectively; whereas 
for the times to reach the liquidus the ratio is only 
780 sec. to 570 sec. = 1.36. Thus the sand pro- 
perties are of considerable interest for complete 
solidification. 

(b) The influence of the conductivity becomes 
more pronounced at conductivity values below 0.65. 
Above that the changes are much less marked. 

(c) The conductivity of all sands increases 
markedly with temperature. This is understand- 
able because the term “ conductivity ” for sand is 
a approximation: the figure actually represents 
an apparent conductivity including the phenomena 
of conduction between individual sand particles and 
tadiation across the interstices between the sand 
particles; the radiation effect obviously increases 
at elevated temperatures. 

Therefore in computations the change of sand 
conductivity with temperature should be taken into 
account; or, where this is too cumbersome, great 
care must be taken in selecting the average con- 


ductivity. 
Influence of Moisture in the Sand on Conductivity 


A later step in personal investigation deals with 
the influence of moisture on the solidification. 
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When casting in moist sand, the moisture is driven 
towards the cold surface. This occurs by 
evaporating the moisture in layers very near the 
hot surface; the steam thus formed flows through 
the pores and condenses as soon as it reaches 
portions of the sand which are at temperatures 
below the boiling point of water. The heat of 
evaporation acts as a heat drain; more heat flows to 
a section of sand at the same temperature from 
which no evaporation takes place. The apparent 
conductivity of the sand is thus increased. 

The representation of this process on the 
Analyser is quite complex; therefore in the com- 
putation carried out on the Analyser to date, a 
constant surface temperature on the casting/sand 
interface was assumed, whereas actually this tem- 
perature changes during solidification. 

For this simplified condition (constant interface 
temperature) it is found that the influence of 
moisture disappears after relatively short time and 
that the influence is more marked at lower tempera- 
tures than at high ones. Fig. 11 expresses the 
ratio of heat extraction from the “ ideal” casting 
(“ ideal ” because the interface between casting and 
mould is assumed to remain at constant tempera- 
ture) in moist sand to that in dry sand of otherwise 
unchanged properties; this ratio is plotted against 
time. 

It is obvious that moisture will exert an influence 
on the formation of a solidification skin, but will 
hardly infiuence freezing to great depth. Additional 
work on this problem is being carried out. 
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Thermal Considerations in Foundrywork 


Experiments on Materials other than Steel 


For the sake of completeness it should be men- 
tioned that work has also been carried out on the 
rate of solidification of white cast iron’’ and of alu- 
minium.'** In case of white cast iron, correlation 
with bleeding tests is poor.’’** It was, however, 
found that the bleeding tests themselves were very 
difficult to carry out, and in view of the later re- 
search and observations regarding bleeding tests, the 
validity of the bleeding tests themselves may be 
questioned. 

The agreement in case of aluminium was very 
good. These tests are worth mentioning because alu- 
minium, as the pure metal, freezes at one tempera- 
ture rather than over a temperature range as steel and 
other alloys do. Freezing at constant temperature 
requires a different technique on the Computer; 
the fact that aluminium tests also match direct 
observations is an added proof for the correctness 
of the Analyser. 


SOME OPEN PROBLEMS 


Obviously the seven years work on the Analyser 
may be considered only as a beginning. Therefore 
the two problems which are discussed below are 
not meant as a complete list of unfinished business, 
but merely should point to regions of inquiry 
which seem at present particularly pertinent in 
view of the latest findings. 


Solidus and Liquidus as Freezing Point 


As stated in the previou§ Section, the comparison 
of temperature curves taken on the Analogue Com- 
puter with results from bleeding (pour-out) tests 
seemed to show that solidification is completed 
when the liquidus is reached. This was quite un- 
expected; but good correlation of Analyser tests 
with observations of three different observers 
seemed to preclude any error. In the meantime, 
R. W. Ruddle,” in his excellent review of the solidi- 
fication problems questions the validity of bleeding 
tests. Almost at the same time W. S. Pellini and 
H. F. Bishop at the Naval Research Laboratory in 
Anacostia, Washington, D.C., raised similar ques- 
tions. Moreover, Pellini and Bishop verified by 
actual temperature measurements (discussion to 
Reference 15), the correctness of the curves found 
on the Analyser. They included in their check 
both the liquidus and solidus curves; in other words 
they found that the times required for different 
points in the casting to reach the liquidus and to 
reach the solidus were the same as those predicted 
on the Analyser. 

In view of those two observations (Ruddle, and 
Pellini and Bishop) one seems justified in disregard- 
ing bleeding tests as means to predict solidification 
rates and to rely only on temperature measurements 
and predictions. Accepting this, two questions 
arise : — 


(1) Comparative Solidification Times 


Chworinoff’* makes two statements in this con- 
nection, both related to the ratio volume/area 
which may be called shape factor (S). 
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(a) Bodies having the same shape factor solidify 
in the same time independent of their size or indi- 
vidual shape. 


(b) Solidification times vary proportionally to 
the square of the shape factor. 

In previous publications from the Analyser 
laboratory, it was stated that his predictions do not 
agree with the findings on the computer. This 
statement needs re-examination since it was based 
on the assumption that the freezing point coincides 
with the liquidus. Accepting the solidus as freezing 
point may influence the statement. 

Chworinoff in his illustrations* presents a graph in 
which solidification times are plotted against the 
shape factor; he uses a log-log scale and obtains 
for a large number of different castings a straight- 
line relationship between ordinate and abscissa, 
which in view of the scales used, indicates validity 
of his square law (b). The range of shape factors 
examined by Chworinoff is very wide; the lowest 
value is S=0.19 and the largest value which can 
be read on his graph definitely is S=5 near the 
upper end of the abscissa scale. There are a few 
points still beyond the S=5, but no dimensions are 
shown for these other readings. Based on his 
scale it should be S=7.5. The values given here 
(0.19, 5, and 7.5) are in inches, whereas the original 
graph is in millimetres. 

The ratio of the largest to the smallest S value 
on Chworinoff’s chart is 5/0.19=26. Tests on the 
Analyser are available so far only for slab and 
sphere. The shape factor, S, has the dimension of 
length, and can conveniently be expressed as a 
multiple of the smallest dimension, D, of the shape. 
In case of a sphere or cylinder, D denotes the dia- 
meter; in case of a large slab (with no edge effects) 
it denotes the thickness and otherwise the smallest 
dimension. 

In case of finite slabs, S approaches zero as D 
becomes smaller and smaller: the surface of a 
sheet may be quite large, but if the thickness is 
very small the volume becomes very small too. 

For a large slab (no edge effects) one finds readily 
Sp=D,/2. For a sphere the value of Ss=Ds /6. 
The subscripts P (plate) are used. for the slab and $ 
(sphere) for the sphere. Hence the ratio 
Ss /Ss=3. 

Examining any pair of slabs or spheres of the 
same dimension D will result in a ratio for values 
S of 3:1. 

For the same shape—whatever the shape may 
be, sphere, cylinder, slab, etc., the “‘ square law ”’ is 
correct provided that all dimensions including those 
of the mould are changed proportionally. That 
means that if a sphere of 3 in. diameter is com- 
pared with one of 6 in., the solidification time 
of the latter will be four times as long as that of 
the former; provided that the dimensions of the 
mould have changed in the same ratio and provided 
the same temperature and same metal is being used. 


For different shapes, however, so far, only a 
comparison between slab and sphere is possible 


* The itlustration quoted is Fig. 19 contained in the work of 
Chworinoff listed under Reference 13. 
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having, as mentioned, a ratio of shape factors of 3. 
A comparison has been carried through of a slab 
of 4 in. thickness (no edge effects) with a sphere 
of 12 in. diameter. The two having the same shape 
factor should freeze in the same time. Their solidi- 
fication times, taken as the times for the centre 
to reach the solidus, are shown in Table II; the 
first column contains the pouring temperature, the 
second the solidification time of the sphere, the 
third that of the slab, and the fourth the ratio of 
the two. As stated, according to Chworinoff the 
solidification times should be identical, or this ratio 
should be unity. It will be seen that at high pouring 
temperatures this ratio as postulated by Chworinoft 
is closely maintained, whereas at low temperatures 
the difference between the actual ratio and the 
postulated ratio is quite appreciable. 


TABLE Ll.—Comparison of Solidification Times of a Large Slab 
(No Edge Effects) with a Sphere, Both Having the Same Value 
of Volume/Area. 





Pouring Times to reach solidus. 
temperature, 
deg. F. —)- 


Slab (-ec.). 


Ratio 
— slab/sphere. 
Sphere (sec.). | 
4,320 1.06 
3.920 | 0.99 
3,520 0.93 
3,400 | 0.91 
3,280 0.73 


3,010 4,600 
2,900 3,900 
2.820 3,280 
2,800 3,100 
2,375 ¢« 


2,740 





It must be remembered that the accuracy of tests 
at small degrees of superheat is reduced. But even 
discounting this possible source of error, and 
accepting also the ratio of 0.73 at 2,740 deg. F. 
(1,505 deg. C.) as correct, it is significant to com- 
pare this value with the one obtaining for the times 
to reach the liquidus. At a temperature of 2,740 
(1,505 deg. C.) this ratio is only 0.16. Thus it is 
possible that Chworinoff postulated his rate based 
on observations at relatively large degrees of super- 
heat only. . 

(2) Air-gap 

The formation of an air-gap in the case of casting 
against a chill causes a considerable change in the 
rate of solidification. So far it has been next to im- 
possible to determine the time when such an air-gap 
forms. Since the technique of temperature 
measurements in liquid steel have been developed 
and are practical, as Pellini and Bishop show, it 
may be possible to use the Analyser to determine 
the time for formation of the air-gap. This time 
has considerable influence on the rate of solidifica- 
tion, although percentage-wise it is less important 
than previously assumed. The air-gap_ time 
influences the time to reach the liquidus more than 
it does the time to reach the solidus. 

For example, in case of a 2-in. casting backed 
by a 3-in. chill, which in turn is backed by 5 in. 
of sand, the time to reach the liquidus increases 
from 180 seconds to 270 seconds, if the air-gap time 
is reduced from 36 to 9 seconds. The increase is 
roughly 50 per cent. The same decrease of air-gap 
time changes however the time for complete solidi- 
fication (time to reach the solidus) only from 420 
to 540 seconds: a change of 28 per cent. 
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APPENDIX 


In order to explain the working of the Heat and 
Mass Flow Analyser,”® consider a rod (Fig. 12) 
which is completely insulated on the sides, so that 
heat flow can occur only parallel to the axis. Let 
the rod be initially at constant temperature through- 
out and at time zero a high temperature be im- 
pressed on one end while the other is maintained at 
its original temperature. Then the rod will slowly 
increase in temperature until, in steady-state, a 
straight-line temperature distribution occurs with 
the highest temperature at the hot surface and the 
lowest at the cold surface. The differential equa- 
tions for the temperature rise with time at any 
point in the rod are the same as the differential 
equations for the increase in electric potential if 
an electric conductor with evenly-distributed re- 
sistivity and capacity is suddenly exposed to a 
voltage difference. Therefore one could study the 
time /temperature history by observing the potential 
increase in a suitable electric conductor. 

Instead of attempting to find such a conductor 
with the appropriate properties, the “ lumping 
technique ” is used which has been mentioned in 
the text. This consists in considering the rod being 
divided into sections or lumps as indicated in 
Fig. 12. Within each section the resistance is con- 
sidered to be concentrated at the axis, and the 
capacitance in the centre. Thus a simple electric 
network as shown by the solid lines in the “ box ” 
of Fig. 13 represents the rod shown in Fig. 12. 
Between the electric computing circuit and the heat- 
flow problems certain analogies exist, which are 
obvious from the identity of the equations. 
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Fic. 12.—Rod subjected to Heat Flow 

















Fic. 13.—Equivalent Electric Circuit to represent 
Rod shown in Fig 12. 


PS—Power Supplies. 

R—Resistors representing resistance to heat flow. 

C—Capacitance representing heat-storage capacitamce. 

F—Devices to feed current in. representing internal heat- 
sources. 
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These analogies are as follows :— 


Temperature: voltage (potential). 
Rate of heat flow: current. 
Thermal capacitance (volumetric specific heat 

x volume): electric capacitance (condenser). 

Thermal resistivity (1/conductivity): electric 
resistivity. 

To the circuit shown in the box of Fig. 13 various 
elements have to be added to represent different con- 
ditions. For example, if the rod is heated up as 
described above, connections are made as shown 
by dash-dot lines in Fig. 13. If, instead, the rod is 
heated by internal heat sources, such as di-electric 
heat and cooled to the outside, a circuit would be 
fed as shown by the broken lines in Fig. 13, and 
closed as shown by the dash-dot lines omitting the 
power supply PS. 

If heat flow is in more than one direction, a 
network of resistors has to be used. One element 
of such a network for two-dimensional heat flow is 
shown in Fig. 14a, for three-dimensional heat flow 
in Fig. 145. 

Further refinements referred to the changing of 
properties between liquidand solid. Instead of having 
in each section one capacitance and two resistors 
(one on either side of the capacitor), each section 
has several resistors and capacitors. Fig. 15, for 
example, shows one section each of the steel and 
mould circuits for a mono-dimensional casting ex- 
periment. A mono-dimensional experiment is one 
for a slab, disregarding end effects, or a long 
cylinder, or a sphere. Actually the heat flow in 
the two latter shapes is three-dimensional. For 
mathematical reasons the mono-dimensional circuit 
can be used for all three cases.) Three capacitances 
are shown: one to represent the specific heat in 
solid state, another to represent the difference be- 
tween heat-storage capacities in liquid and solid 
states, and the third represents the heat of fusion. 
The release of the heat of fusion while the metal 
temperature drops from the liquidus to the solidus 
temperature may be represented by an increase 
in apparent specific heat during that period. The 
resistances next to the capacitance represent the 
thermal resistance to solid state, and the outside 
resistors the difference between the thermal resist- 
ance in liquid and solid state. 

As the temperature (voltage) of each section de- 
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Fic. 14(b) (right).—Ele- 
ment Of Network to 
represent Three-dimen- 

SIDE sional Heat Flow, 

Fic. 14(a) (left)—Ele- 
ment of Network to 
represent Two-dimen- 
sional Heat Flow. 


CAPACITY 
GROUND > 


‘ 


creases from the initial “ pouring temperature” 
the following changes have to be made:— 

When the voltage (temperature) reaches the 
liquidus the “heat of fusion capacitance” ij 
inserted into the circuit. 

When the voltage has dropped to the mid-point 
between liquid and solid values, the properties 
(resistance and capacitance) are changed from 
their “liquid” values to their “ solid ” values. 
This implies shortening the two outer resistances, 
because the thermal conductivity of liquid metal 
is higher than that of solid metals; it also implies 
the disconnecting of the difference capacitances 
which represents the difference between liquid 
and solid specific heat. 

When the voltage drops to the solidus point, 
the “ heat of fusion capacitance ”’ is taken out of 
the circuit. 

In case of pure metal no “heat of fusion 


(Continued on page 708) 


CASTING CIRCUIT 


AIR GAP 
MOULD CIRCUIT 
pee 








Fic. 15.—End Sections of ‘‘ Casting Circuit” and 
“Mould Circuit.” 


Resistors a represent thermal resistance in the solid state, 
and resistors b represent difference in thermal resistant 
between liquid and solid state. : 

Capacitor ¢ represents heat-storage capacity in the solid 
state, capacitor d represents the difference in heat-storage 
capacity between liquid and solid state, and capaciti 
e represents heat of fusion. 

Switch (SW) 1 is closed initially and is opened as sol 
as the airgap forms; switch (SW) 2 is initially opened and 
is closed when the voltage (temperature) has dropped to the 
value of the liquidus. ‘Ae 

At a voltage half-way between that representing liquidus 
and solidus, switches (SW) 3 are closed, thus representing 4! 
increasp in conductivity upon solidification, and_ switt) 
(SW) 4 is opened acording to a decrease in specific heat. 

Capacitances c and d are pre-charged before the experi 
ment to a voltage representing the pouring temperatut 
Capacitance e is pre-charged to a voltage corresponding } 
the liquidus; the capacitance in the mould circuit is eithe 
uncharged or, in case of a pre-heated mould, pro-charget to 
a voltage corresponding to the mould temperature. 
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Scrap 


c0UNDRY PRODUCTION in all spheres may at the 
present time * sink or swim ” according to the failure 
or success Of the drive for scrap. This seems 
to be true, Whether it be for the steelworks to relieve 
the load on the blast furnaces, or to the foundries 
for direct melting to reduce the consumption of pig 
metal. What follows is an account of the efforts of 
the iron and steel industry shown against the general 
statistical background, including coke and ore 
upply. 
"Tecdection of steel for May was at the rate 
of 15,864,000 tons per annum. The annual 
rate over the first five months of 1951 was 
16,361,000 tons. The May figures reflect the effect of 
the difficulties over the winter period in the import 
of iron ore, with the limit this has set on the possible 
pig-iron production, and the results of an excep- 
tionally low import of scrap. Only 26,000 tons of 
srap were imported in May this year compared 
with an import of 196,000 tons in May last year. 
According to the British Iron and Steel Federa- 
tion, the immediate prospects for imported scrap 
are slightly better. For June and July it is hoped 
to obtain about 40,000 tons a month. The improve- 
ment in the raw-materjal position for steelmaking, 
however, depends on the full maintenance of the 
good start to the scrap drive and the expansion of 
pig-iron output. So far this year, pig-iron produc- 
tion has averaged 182,000 tons a week. In the 
second half of the year it is expected to increase to 
at least 190,000 tons a week and then to continue 
to rise into 1952. This increase is based in part 
on the expectation of better arrivals of imported 
ore. Shipping chartering has improved with the 
end of the coal-shipping season. Further, some help 
has recently been indicated from American shipping. 


Complementary Materials . 


On the home ore side, consumption last year was 
12} million tons. This year it is running at 
145 million tons—an increase of nearly 2 million 
tons a year. 

Coke supplies have increased with the coming 
into operation in March of new ovens at Margam; 
these are now producing 5,000 tons a week. Another 
8,000 tons a week should be available from the end 
of September, mainly as a result of further develop- 
ments at Margam and Nantgarw also in South 
Wales. A further 5,750 tons per week will become 
available at the end of November with the doubling 
of the coke plant at Appleby Frodingham. 

By next year, there should be capacity available 
for the production of about 104 million tons of 
Pig-iron compared with the 94 million being pro- 
duced this year. This will involve increases in both 
home and imported ore supplies and every effort 
is being made to ensure the availability of the 
necessary material. 

A steel scrap drive was launched in January this 
year with a letter from the Presidents of the Iron 
and Steel Federation, the Joint Iron Council and 
the Scrap Merchants Federation, to every consumer 
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Drive 


of iron and steel, pointing to the importance of 
scrap in the making of steel and urging the quick 
return of all process scrap and that, wherever pos- 
sible, decisions should be taken to scrap obsolete 


plant and machinery, have it broken up and 


returned to the steel furnaces as rapidly as possible. 
This general letter was supported by the forma- 
tion, in January, of nine district committees, repre- 
sentative of scrap merchants and steel makers. 


Success of Drive depends on Merchants 


It was recognised that for a scrap drive to be 
successful it must rest mainly on the individual 
efforts of the 3,000 scrap merchants in the country, 
working with the goodwill of the using indus- 
tries which were bound to be the main source 
of scrap supply. Any highly-centralised method 
of collecting scrap would tend to prejudice the use- 
fulness of the many scrap merchants which is vital 
in the processing and sorting of scrap, as well as in 
its collection. 

It was also clear that the great volume of avail- 
able scrap was in fact being collected and returned 
to the steelworks. What was needed was a supple- 
mentary effort to speed up wherever practical the 
rate of flow and to encourage the collection of 
smaller tonnages, over which there was _ hesita- 
tion in scrapping and returning. 

Personal approaches have been made by chair- 
men and leading officials of user companies to their 
customers. These are designed to help the scrap 
merchants in obtaining the maximum co-operation 
of industrial scrap suppliers. 

While the backbone of the scrap campaign is the 
encouragement of the normal collection of scrap 
through normal channels, a number of special 
approaches have also been made. Government 
departments have promised to give help. The 
campaign is planned to continue into 1952; it is 
quite clear that all the sources of supply will not be 
tapped in the initial stages; some will take a con- 
siderable period before they are organised. 

The campaign so far has concentrated essentially 
on speeding up the collection of scrap within the 
steelworks themselves and in their associated works, 
and in obtaining the full support of the indus- 
trialists throughout the country. The amplification 
of the campaign to the farmer and then to the 
householder presents more difficult problems. Dis- 
cussions have taken place with the National 
Farmers’ Union and their help obtained, and 
measures are in hand to develop an increased flow 
of scrap from the farms. In the case of the house- 
holder, experimental arrangements are being tried 
out in a number of urban areas—of which a good 
example is Sheffield. Here, the local authority is 
distributing pamphlets to every householder, notify- 
ing its willingness to collect any scrap put out and 
proper arrangements have been made for handling 
the miscellaneous scrap arising and passing it on to 
the scrap merchant. 
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Scrap Drive 


A similar approach is being followed on the 
North East Coast, where separate “scrap weeks ” 
are being organised for various towns taken in 
turn. The experience gained in these initial 
measures will determine the policy to be adopted 
‘throughout the country at large. 


Success to Date 


The amount expected from home scrap in the 
absence of any scrap drive was 157,500 tons a 
week. This was almost exactly the weekly average 
of scrap obtained from inland sources last year. A 
number of favourable factors assisted in securing 
this figure last year, particularly, a rather better 
supply from shipbreaking. Higher freight rates, 
and therefore the increased use of shipping and the 
export of some ships abroad, have reduced the ship- 
breaking output this year. There are about 
2,000 tons a week less from this source. The 157,500 
tons a week for this year in the normal way is there- 
fore initially a fairly optimistic assessment of the 
position. To this it was hoped to add, from the end 
of January onwards, 10,000 tons a week from the 
special drive. In fact, the average scrap deliveries 
in the period February to the end of May were 
exactly 167,500 tons, i.e., 10,000 tons a week above 
the weekly average hoped for. So far, most has come 
from the steelworks and other sources of supply 
close to the steelworks. The approach over the wider 
field, and particularly from the farms and house- 
holds, has not yet made a material contribution and 
it is hoped that this source will be progressively 
tapped, so keeping up and possibly improving on 
the start already made. 

The British Iron and Steel Federation has recently 
produced a coloured sound film, “‘ Speed the Scrap,” 
which will be shown mainly to municipal authori- 
ties and executives of companies, as part of the 
scrap drive. 


Iron-ore Imports 


Imports of iron ore in May and the first five months 
of the year, with comparative figures for 1950, are 
shown below. There were no imports of manganiferous 
ore during the first five months of this year. In the 
first five months of 1950, 11,016 tons of manganiferous 
ore were imported, against 6,550 tons in the corres- 
ponding period of 1949. 


| Month ended 





Five months ended 




















May 31. May 31. 

Country of origin. |———_—_—_} _— 

1950. 1951. 1950. 1951. 
| Tons. Tons. Tons. Tons. 
Sierra Leone .. - 86,340 53,540 339,484 203,216 
Canada = ne a 20,750 | 5,525 20,750 
Other Commonwealth 

countries and the | 

Irish Republic 1 9,935 2,873 13,267 10,878 
Sweden ae | 297,706 270,340 | 1,420,583 | 1,219,767 
Netherlands .. 4,449 816 | 7,090 4,911 
France 31,390 33,915 | 155,237 168,635 
Spain .. a eam 94,533 76,183 343,490 339,005 
Algeria dis en 87,241 | 135,146 593,428 512,609 
Tunis .. = can 43,040 39,850 199,493 198,270 
Spanish ports in North | | } 

Africa + <a 55,340 28,345 226,356 150,607 
Morocco - 2 16,850 22,207 | 134,573 100,275 
Other foreign countries} 35,139 12,480 55,784 39,805 

TOTAL .. ..! 761,963 | 696,445 | 3,494,310 | 2,968,728 
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Reorganisation of G.K.N. Cwmbray 
Works 


As from July 1, the Cwmbran works of Guest, Keen 
& Nettlefolds (Cwmbran), Limited, a subsidiary com. 
pany of Guest, Keen & Nettlefolds, Limited, whic) 
comprises a railway fastenings division, ironfoundrie, 
clay mines, and refractories works, will be separated into 
two distinct works. The railway-fastenings division 
will be sold to, and managed by, Guest, Keen & Nettle. 
folds (Midlands), Limited, bolt and nut division, Atly 
Works, Darlaston (Staffs), which company is also , 
subsidiary of Guest, Keen & Nettlefolds, Limited. 

The bolt and nut section of the railway fastening 
division is to be completely reorganised and the mos 
modern machinery and equipment will be installed ty 
take care of the ever-increasing demand for this typ 
of product. The output will shortly be increased by 
40 per cent. and employment will be found for at leas 
an additional 70 persons. 

The ironfoundries, clay mines, and refractories work 
will remain under the ownership and management of 
Guest, Keen & Nettlefolds (Cwmbran), Limited. 

Guest, Keen & Nettlefolds (Cwmbran), Ltd., are said 
to be the largest individual producer of cast-iron railway 
chairs, baseplates, and wagon castings in Great Britain 
In addition, this company has begun work on the built. 
ing of a large cast-iron cylinder block foundry which 
will be capable of a weekly production of 2,500 cylin- 
der blocks and cylinder heads for the motor industry 
This new foundry will give employment to approx: 
mately an additional 100 men and 150 women. 

Further reorganisation is taking place at the com- 
pany’s refractories works, where fireclay products ar 
produced by the most modern methods. To keep th: 
refractories works adequately supplied with raw material 
iv a clay level has been opened at Blaendar 

on). 





Canadian Steel Expansion 


Predicting an addition of 1,000,000 tons in the annual 
output, Mr. Howe, Minister of Defence Production. 
told the Canadian House of Commons that every steel 
plant in Canada has a substantial expansion programme 
under way. Even with this expansion he doubted 
whether Canada would ever become self-sufficient in 
steel owing to the country’s rapid growth and the 
necessity of importing products that could not k& 
manufactured economically. 

Remarking that Canada had been heavily dependent 
on the United States for iron ore since the first steel 
plant was installed, Mr. Howe said: “This situation 
will change in a year or two.” 

The steel supply situation in Canada at the present 
time is critical and Mr. Howe has instructed mills to 
defer deliveries of less-important products. 





Tungsten and Molybdenum 


The Tungsten and Molybdenum Committee of the 
International Materials Conference announces that on 
June 8 it unanimously recommended to governments 
that an international system of equitable distribution for 
ores and concentrates of these two metals be established. 

The Copper-Zinc-Lead Committee has reached tenta- 
tive agreement to recommend an allocation scheme. 
beginning next October, to ensure equitable distribution 
of copper and zinc. 
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Stanton Machine-cast Pig Irons are clean-melting, 


and economical in cupola fuel. 


All types of castings are covered by the Stanton 
brands of pig iron, including gas and electric fires, 
stoves, baths, 


radiators, and enamelled 


pipes, 
products generally ; repetition castings requiring a 
free-running iron, builders’ hardware and other 


thin castings. 


Other grades of Stanton Foundry Pig Iron possess 
the necessary physical properties and strength 
ideal for the production of fly-wheels, textile 


machinery, etc. 


Stanton Foundry Pig Iron in all grades is also 


available in sand cast form. 


We welcome enquiries on foundry problems and 


offer free technical advice. 


THE STANTON 


LIMITED - NEAR NOTTINGHAM 


IRONWORKS COMPANY 
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Thermal Considerations in Foundrywork 
(Continued from page 704) 


capacitance ” is inserted. Instead, when the voltage 
(temperature) of any section has dropped from the 
pouring value (temperature) to the solidification 
point it is connected to a constant-voltage supply 
which feeds current into the circuit at that point. 
The current represents the rate of heat generation 
by the latent heat of fusion. This power supply 
is held in contact until enough current has drained 
into the circuit to represent the entire heat of fusion. 

An air-gap between casting and mould is repre- 
sented by a resistance between the end of the cast- 
ing circuit and the beginning of the mould circuit. 
As mentioned in the text, a time scale can be intro- 
duced when using the Analyser. This is done by 
appropriate choices of electric resistances and 
capacitances to represent given values of thermal 
properties. 

Physically, the laboratory consists of a large 
number of resistors and capacitors so arranged that 
an unlimited number of different connections can 
be made conveniently and in short time. In addi- 
tion, of course, the necessary power supply and 
measuring devices are provided. 


Acknowledgments 


The Author is indebted to the members of the 
Heat-transfer Committee, and particularly to Dr. 
H. A. Schwartz, chairman of this committee since 
its inception, who introdyced the Author to the field 
of foundrywork and who showed continued 
interest and support. He and Mr. E. C. Troy also 
were kind enough to read the manuscript. 


Thanks are also due to the American Foundry- 
men’s Society, which was the first organisation in this 
country to take up a systematic study of heat transfer 
in its field of operation by means of the Analogue 
Computer. The items 9, 10, 11, 15, 16 and 18 in the 
references represent parts of reports issued. by 
the Heat-transfer Committee as results of work 
sponsored co-operatively by the American 
Foundrymen’s Society and Columbia University. 


*9 V. Paschkis, “Studies on Solidification of Castings,” Trans 
A.F.S., vol. 53, pp. 90-101 (1945). 

*10 V. Paschkis, “‘ Influence of Properties on Solidification of Metals,” 
Trans. A. F. S., vol. 55, pp. 54-61 (1947). 

*11 V. Paschkis, “‘ Study on Solidification of Steel Spheres,” Trane. 
A.F.S., vol. 56, pp. 373-378 (1948). 

12 C. W. Briggs and R. A. Gezelius, ‘‘ Studies on Solidification and 
Contraction in Steel Castings,’’ Trans. A.F.S., vol. 43, p. 274 (1935). 

13 N. Chworinoff, ‘‘ Theory of the Solidification of Castings,”’ Die 
Giesseri, British Iron and Steel Institute, Translation No. 117, vol. 27, 
pp. 177, 201, 222 (1940). 

14 C. F. Lucks, O. L. Linebrink and K. L. Johnson, “‘ Thermal 
Conductivity of a Sand Mixture,” Trans, A.F.S., vol. 56, pp. 363-365 
(1948). 

*15 V. Paschkis, “‘ Intluence of Dry Sand Conductivity on Rate of 
Freezing of Steel Slabs,” presented at the annual meeting of the A.F.S., 
May, 1950, preprint 50-7. 

*16 V. Paschkis, “ Heat Flow in Moist Sand,” to be presented at the 
annual meeting of the A.F.S. in 1951 in Buffalo. 

1 Paschkis, ‘‘ Studies of Solidification of White Iron Castings,” 
Trans. A. F. S., vol. 56, pp. 371-373 (1948). 

*18 V. Paschkis, ‘“‘ Studies on the Solidification of Aluminium 
Castings,”’ ibid., pp. 366-371. 

19 R. W. Ruddle, “‘ The Solidification of Castings,’ Institute of 
Metals, 1950. 

20 V. Paschkis and H. D. Baker, ‘‘A Method for Determining 
Unsteady State Heat Transfer by Means of Electrical Analogy,” Trane. 
A.S.M.E., vol. 64, p. 105 (1942). 








* See acknowledgments. 





JUNE 28, 125] 


Casting Characteristics of some Aluminium Alioys 
(Continued from page 697) 


sent and it is normally made from aluminium of 
purity such that the total iron and silicon content 
does not exceed 0.25 per cent. More-recent 
B.N.F.M.R.A. work has shown that the mechanical 
properties of this alloy are markedly affected by 
grain size variations.’ 

(iv) Fluidity attainable—A carefully controlled 
preliminary series of tests, on six typical alloys, 
led to the conclusion that “ founder’s fluidity” 
or flowing power of aluminium casting alloys, as 
determined by fluidity tests, depends primarily on 
the degree of superheat of the liquid alloy as it 
enters the mould, although it may be influenced to 
a minor extent by other factors. The differences 
between different alloys are much less significant 
in “ fluidity” than in the other casting charac- 
teristics considered. Control of temperature in 
relation to the design of the mould, is the main 
requirement for the complete filling of moulds in 
the manufacture of sand castings of aluminium 
alloys. 

Alloys with a low liquidus temperature and not 
adversely affected by a high pouring temperature 
can be given sufficient superheat to impart high 
founder’s fluidity. LM-6 and LM-9*-are there. 
fore the most suitable alloys where difficulty is 
likely to be experienced in filling a complicated 
mould. LM-4 is good in this respect whereas 
LM-11 and LM-19 are likely to be poor. In 
some cases it may be necessary to apply a greater 
pressure head by changing the gating system to 
obtain complete running of the casting. 
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Export Licensing Regulations 


The Export of Goods (Control) Order, 1951 (S.I. 1951, 
No. 1053, price 1s. 3d.), which came into operation 
on June 21 and brings up to date the Consolidation 
Order, 1950, with all subsequent amendments, was 
published.on June 19. In addition, one formal change 
is made—goods for which a licence to export has 
already been given under the recent Control of Goods 
(Import Certificates) Order, 1951, are no longer con- 
trolled under this Export Goods Order. 
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News in Brief 


WINGET CONCRETE MIXERS are to be made in the 
Union of South Africa by James Brown, Limited, of 
Durban. 

PaRIS POLICE are to use British Triumph “ Thunder- 
bird” motor cycles for patrol work and escort duties 
in the capital. 

THE NORTH LONDON BRANCH of the Institute of Weld- 
ing will visit Vauxhall Motor Works, Luton, on 
Monday, July 2. 

THE ANNUAL GENERAL MEETING Of the British Ceramic 
Society will be held at the North Staffordshire Techni- 
cal College on July 16, at 7.0 p.m. 

THE ROLLS ROYCE WELFARE SOCIETY have opened a 
new sports ground at St. Mary-le-Gill to cater for the 
employees in the Barnoldswick area. 

THE May MEETING of the Victorian Division of the 
Institute of Australian Foundrymen was devoted to a 
lecture “Overseas Impressions” by Mr. J. Ritchie, 
past-president. 

AN IMPORTANT SECTION of the British Standards Insti- 
tution exhibition at the South Kensington Science 
Museum will be taken to Scotland and housed at the 
Engineering Centre, Glasgow, from July 9 to 14. 

A CHANGING ROOM, equipped with shower-baths, and 
a messroom are to be provided at a cost of about £8,000 
at the works of David King & Sons, Limited, iron- 
founders, Carleton Road, Skipton. 

AT THE ROYAL HIGHLAND SHOW at Aberdeen last 
week, Cruikshank & Company, Limited, Denny Iron 
Works, were awarded a silver medal for their D.C.M. 
spinner, digger, collecting machine for the uplifting of 
potatoes. 

THE NINTH International Management Congress will 
be held at Brussels from July 5 to 11, under the aus- 
pices of the International Committee of Scientific Man- 
agement. A special 30-day tour of the Belgian Congo 
will follow the Congress. 

AT AN EIGHT-DAY EXHIBITION of local industries 
organised recently by the Wednesbury, Darlaston and 
District Manufacturers’ Association, the iron and steel 
industries were represented by the majority of the stand 
holders and ten per cent. of the total were founders. 

THE IRON AND STEEL CORPORATION OF GREAT BRITAIN 
have announced their intention to exercise their option 
to acquire the three Sheffield steel firms of William 
Jessop & Sons, Limited, J. J. Saville & Company, 
Limited, and Bromley, Fisher & Turton, Limited, owned 
by the Birmingham Small Arms group; negotiations on 
price and date of transfer are proceeding. 

THE JoINT COMMITTEE on Materials and their Test- 
ing, in association with the Institute of Welding, 
announces a symposium on recent developments in 
notch-bar testing of materials and its relation to welded 
construction, to be held in London on December 5. 
Papers are being invited from a number of British and 
foreign authorities and will be pre-printed and only 
introduced at the meeting with a view to discussion, 
which will occupy two sessions, one in the morning 
and one.in the afternoon. 


THE BRITISH CaST IRON RESEARCH ASSOCIATION have " 


issued a preliminary notification of a conference at 
Ashorne Hill from September 26 to 28. This confer- 
ence will be concerned with problems of foundry venti- 
lation, lighting, dust hazards and dust extraction, foundry 
heating and foundry amenities, and it is hoped to obtain 
the services of a number of lecturers who are recognised 
authorities in these fields. The conference will be of 
particular interest to those foundries anxious to carry 
out the recommendations and suggestions embodied in 
the Report of the Joint Advisory Committee on Condi- 
tions in Ironfoundries, the so-called Garrett Report. 
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Personal 


Mr. DANIEL SHARPE, past-president of the _Insti- 
tute of British Foundrymen, attended the annual 
general meeting of the Melbourne Section of the 
Institute of Australian Foundrymen. 

Mr. I. G. BUCHAN, C.A., has been appointed chief 
accountant and local director of Samuel Osborn & 
Company, Limited, steel manufacturers, of Clyde Steel 
Works, Sheffield. Mr. Buchan took up his appoint. 
ment in May after five years on the staff of Thomson 
McLintock & Company, Limited, of London. 


RETURNING HOME next month is Lieut.-General Sir 
JoHN Evetts, who is retiring from the position of 
head of the British Ministry of Supply staff in Aus 
tralia which he has held since 1946. He will be suc 
ceeded by Mr. Ivor Bowen, formerly superinten- 
dent of the aircraft and armament experimental station 
at Boscombe Down, who went to Australia last year, 
Mr. W. A. S. BUTEMENT, chief scientist in the Aus 
tralian Department of Supply, will become controller 
of the Woomera rocket range. 


Dr. EGON Orowan has been appointed as George 
Westinghouse Professor of mechanical engineering at 
the Massachusetts Institute of Technology. Dr. Orowan 
joined the faculty of the Institute last June, and now 
succeeds Professor William R. Hawthorne, who has held 
the Westinghouse chair since 1948. Professor Haw- 
thorne is resigning to accept the post of the Hopkinson 
and Imperial Chemical Industries Proféssorship of 
applied thermodynamics at Cambridge University. He 
will sail for England late this month. 


At a special meeting on Jume 14 of the general 
committee Sir RONALD GARRETT, a_ director of 
Anderson, Green & Company, Limited, and London 
director of Mount Lyell Mining & Railway Company, 
Limited, was re-elected chairman of Lloyd’s Register of 
Shipping, an office which he has held since 1946. Sir 
Guy Ropner, a director of the Consett Iron Com- 
pany, Limited, the Consett Spanish Ore Company, 
Limited, and other companies, was elected deputy-chair- 
man of the register and chairman of the sub-committees 
of classification. 


In 1937, Dr. Orowan was engaged upon research work 
on the mechanical properties of metals in the physics 
department of the University of Birmingham in Eng- 
land. In 1939 he was associated with the Cavendish 
Laboratory under Sir Lawrence Bragg, where he was 
head of the metal-physics group and Reader in the 
physics of metals in the University of Cambridge. He 
has received many honours, of which the most impor- 
tant are the Thomas Hawksley Gold Medal of the In- 
stitution of Mechanical Engineers in 1945 and election 
as a Fellow of the Royal Society in 1947. 

Mr. Georce Levy on June 17 celebrated the 50th 
anniversary of his joining, as an apprentice, George 
Cohen Sons & Company, Limited—the parent concern 
of the “600” group of companies. In 1908 he became 
partner and twenty years Jater was elected to the board 
of the Limited Company inte which the firm was then 
converted. To-day he is vice-chairman of George 
Cohen Sons & Company Limited; chairman of T. C. 
Jones & Company, Limited; chairman of Browett 
Lindley Limited; a director of the Selson Machine 
Tool Company, Limited; and chairman of K. & L. 
Steelfounders & Engineers Limited. Whilst active in 
the general affairs of the group, he has of recent 
years given much of his time to the last-named Com- 
pany, whosé works are at Letchworth. They are 
among the largest steelfounders in Great Britain and 
their range of engineering products includes the well- 
known Jones KL mobile cranes. 
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MOULDING MACHINES 


POWER JOLT RAM HAND ROLLOVER 
MECHANICAL PATTERN DRAW MACHINE 


@ SIZE OF TABLE. 1/4" x 16’ 
@ MAX. WIDTH OF BOX. 18’ 
@ MAX. LENGTH OF BOX. 24’ 
@ PATTERN DRAW. 8’ 
@ LOAD CAPACITY AT 80LBS. /50LBS. 


(STEEL ROLLOVER FRAME, ARMS AND JOLT HEAD) 
THE IDEAL ROLLOVER MACHINE FOR MEDIUM SIZE 
BOXES AND DEEP WORK REQUIRING ACCURATE 
PATTERN DRAW. 

EQUALLY SUITABLE FOR MOULDS OR CORES. 
STRONG, STURDY AND RIGID CONSTRUCTION. 


MACNAB & CO. LTD. 


14 ST. JOHNS ROAD, HARROW, Middx. 
HARROW 4578. (Temporary Offices.) 






































Specialists in Foundry Practice 


FINEST CEYLON PJ, UMB AGO’ 





Consultations arranged 


FOR IRON & STEEL 
FOUNDERS 


Kindly send us your enquiries COALDUST, “CHARCOAL, BLACKLEAD, 
CORE GUMS, ‘“COREITE’’, CORE OILS, 


BLACK | | GS “ PARTING POWDER, GANISTER, LIMESTONE, 
AND 


ALL FOUNDRY REQUISITES 
PLUMBAGO FACINGS & BLACKINGS x 








Contractors to the War 
Office and Admiralty. 


ISAAC & ISRAEL WALKER LIMITED 
EFFINGHAM MILLS, ROTHERHAM 


Telephone: Rotherham 4033 


ESTABLISHED 1831 Telegrams : ‘* Walkers, Rotherham” 
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Raw Material Markets 


Iron and Steel 


Supplies of pig-iron and scrap to the foundries con- 
tinue to cause much anxiety. Output of hematite has 
been reduced considerably due to shortage of ore, and 
not until imports of foreign ore are increased will pro- 
ducers be able to provide a much larger tonnage. In- 
creased supplies of high-phosphorus pig-iron should be 
available from the Derbyshire area when the new fur- 
nace is working normally. The refined-iron makers 
will also be able to step up production when they can 
secure additional supplies of pig-iron and scrap, and 
a more regular flow of raw materials would enable 
makers of low- and medium-phosphorus iron to obtain 
maximum outputs. 

The raw materials position at the steelworks re- 
mains acute, particularly the shortage of scrap, and the 
need for larger quantities of basic-steel making pig-iron 
cannot be ignored in assessing the future supply posi- 
tion of the foundries. 

The engineering, motor, and textile foundries have 
plenty of work on hand and potential business is good. 
The light and jobbing foundries have sufficient work 
on hand to warrant larger tonnages of high-phosphorus 
pig-iron than are at present forthcoming. Foundry coke 
is coming forward generally to schedule, while ganister, 
limestone, and firebricks are forthcoming to require- 
ments, but some grades of ferro-alloys present some 
difficulty. 

No relief is, as yet, forthcoming for the re-rollers, 
whose supplies of steel semis are at a very low level. 
Substantial orders are on hand for their products of 
sections, bars, and strip, and fresh orders are not diffi- 
cult to obtain. Deliveries of steel semis from home 
steelworks are far below requirements and only small 
tonnages of Continental material are coming to hand. 
Many mills are on short time. Sheet re-rollers are also 
in need of greater quantities of sheet bars. The mills 
are taking up all available supplies of defective material 
and crops. 


Non-ferrous Metals 


Although further discussions on the vexed question 
of fixing upper limits for brass and copper ingots are 
believed to have taken place, no announcement has 
been made to give effect to maximum prices. However, 
the plan has not been abandoned, and it is believed that 
in a matter of a few weeks the scheme will be put into 
force, at any rate for brass ingots and billets. It seems 
likely, however, that a decision about copper may be 
delayed. Business in secondary metals is decidedly 
slow and purchases very difficult to arrange. On every 
hand there is talk of evasion of the Order, in spirit if 
not in letter, but these reports seem to lack substance, 
inasmuch as it is apparently impossible to obtain chapter 
and verse for such incidents. Only a modest tonnage 
of Government scrap is now coming out, and here, 
again, it seems to be difficult to find anyone who has 
been fortunate enough to secure a parcel. It has been 
suggested that the authorities are working on some 
kind of a rota system, which ensures that everyone 
gets something in turn, but, if this is so, it would seem 
that the allocations are well spaced out, for there is 
not much heard nowadays of Ministry material. This 
should not really occasion surprise, for it is well known 
that the wartime surplus of Government stock is pretty 
well exhausted. 

Tin has been an erratic market, with some reaction 
following the rally which followed the big drop caused 
by the severe.cutback in the U.S. price. Some pessi- 
mism seems to have been engendered by a report that 
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the U.S. Government had sent word to the Belgiag 
Congo producers recalling a clause in the Americap 
purchase contract which provided for suspension of 
purchases if the price exceeded 103 cents. Confirma- 
tion of this is lacking, but the idea that the price would 
in fact decline to $1.03 per Ib. has been fairly preva. 
lent. At the end of last week the New York figure 
was 106 cents. In view of the fall of some 23 cents 
that has now occurred in the New York price, and the 
heavy decline in the quotation on the London Metal 
Exchange and in the Far East, it would seem that the 
time is fast approaching, if it has not already arrived, 
when the United States will once again appear as q 
buyer on the world market. 

Official tin quotations on 
Exchange were as follow :— 

Cash—Thursday, £960 to £970; Friday, £93 
to £932 10s.; Monday, £910 to £915; Tuesday, £919 
to £915; Wednesday, £950 to £960. 

Three Months—Thursday, £932 to £932 10s.; Friday, 
£895 to £900: Monday, 872 10s. to £875; Tuesday, 
£875 to £880; Wednesday, £900 to £905. 


the London Metal 


Claim for Damages Dismissed 


_ At the Derbyshire Assizes last week William Albert 

Craig (44), of Derby, brought a claim for damages for 
the loss of his right leg, following an accident at the 
Qualcast, Limited, foundry, Derby, by whom he was 
employed at the time as a moulder. y 

When casting moulds with a man named Griffiths in 
the late afternoon of April 8, 1949, Craig claimed that, 
as he was carrying a ladle of molten metal, Griffiths, 
who was subject to serious stuttering, collided with him. 
Griffiths, as many people who stutter frequently do, 
had closed his eyes in a paroxysm of stuttering, while 
trying to say something. Although it was only a touch, 
it was sufficient to cause the molten metal to spill over 
Craig’s right ankle and into his boot. The burning was 
so serious that the leg was amputated, first just above 
the ankle, and later just below the knee. 

Mr. A. J. Flint, who appeared for Craig, said, although 
his employers had given him another job, that because 
he was not able to continue as a moulder, Craig had 
lost earning power and now wore an artificial leg. 

The company denied that Griffiths had caused the 
accident, said Mr. I. Sutherland for the firm. It was 
alleged that Craig had been negligent himself, in that he 
had bumped into one of the machines. 

In the witness box, Griffiths denied that he had 
bumped into Craig. The first he knew of the accident 
was when he heard Craig call out that he had “ stopped 
one.” At that time he (Griffiths) was standing close to 
the bogey having his own ladle filled with molten metal. 
The works manager, Mr. H. Clarke, said he had visited 
Craig in hospital on several occasions, but Craig had 
not mentioned then that he had collided with Griffiths. 
Two more witnesses who were stated to be in the 
same shop at the time gave evidence that Griffiths did 
not cause the accident. . 

Mr. Justice Pilcher said that, although he felt the 
greatest sympathy for Craig in his unfortunate acci- 
dent, he was bound to find the case had not been 
proved, and would therefore be dismissed. 





Luncheon 
MOND NICKEL COMPANY, LIMITED 


Mr. L. K. Brindley, chairman of the company, who 
presided over a luncheon held at Grosvenor House, 
London, W.1, yesterday (Wednesday), had as his guests 
editors of the technical Press. 











